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Preface

This document is intended to address most frequently asked questions concerning AIX® 5.3,
AlX 6.1 and AIX 7.1 performance on Power Systems, and provide best practice guidelines for
most commonly seen performance issues.

Thefollowingisalist of IBM® reference and documents used:

* The Performance Management Guide is a great place to start for acquiring basic performance

concepts and good cross reference when reading this document:

http://pic.dhe.ibm.com/infocenter/aix/v7rl/index.jsp?topi c=/com.ibm.aix.prftungd/doc/prftun

qd/performance management-kickoff.htm

* The System Performance Report provide benchmark results and relative performance metrics

of IBM Power Systems:
http://www-03.ibm.com/systems/power/hardware/reports/system perf.html

* TheAlX documentation isto look up information on particular AIX commands, tools, etc:
http://publib.boulder.ibm.com/infocenter/ai x/v6r1l/index.jsp

* The POWERY Virtuaization Best Practice Guide, available on devel operWorks, provides
detailed best practices for POWERY7 virtualization:_

https://www.ibm.com/devel operworks/wikis/downl oad/attachments/53871915/P7 virtualizat

ion bestpractice.doc?version=1

* The Java Performance on POWER7 document describes performance considerations, tuning
options, tools and diagnostic options for Java workloads:
http://www-03.ibm.com/systems/power/hardware/whitepapers/java_perf.html
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1 Introduction

1.1 Pur pose of this document

The purpose of this document is to provide a basic understanding of AIX on Power Systems
performance concepts, industry standard benchmarks on Power Systems, capacity planning, pre-
sales and post-sales process, performance monitoring and analysis, frequently asked questions
and guidelines addressing common performance issues.

This document is not intended to replace performance management documentation or
performance white papers.

1.2 Overview

This document covers a variety of Power Systems performance including:
*  What Is Performance?

* Performance Benchmarks

* Workload Estimation and Sizing

* Performance Concept

* Performance Analysis How-To

* Frequently Asked Questions

* Reporting A Performance Problem

1.3 Document Responsibilities

The IBM STG Cross Platform Systems Performance organization is responsible for editing and
maintaining the A1X on Power - Performance FAQ document. Any contributions or suggestions
for additions or edits should be forwarded to Dirk Michel, dirkm@us.ibm.com.
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2 What |s Performance?

2.1 Introduction
The purpose of this chapter isto explain what exactly computer performanceis.

2.2 Performance

Computer performanceislargely determined by a combination of response time and throughput.
Other aspects associated with computer performance are availability of computer systems and
their power efficiency.

2.3 Response Time

The response time of a computer system is the elapsed time between the end of an inquiry or
demand and beginning of aresponse to that inquiry. For interactive users, the responsetimeis
the time from when the users hits the <enter> button to seeing the result displayed. The response
time often is seen as a critical aspect of performance because of its potential visibility to end
uSers or customers.

Let’s take the example of a computer system that is running aweb server with an online store.
The response time here is the elapsed time between pressing the submit button to place an order
and the beginning of receiving the order confirmation.

2.4 Throughput

The throughput of a computer system is a measure of the amount of work performed by a
computer system over the period of time. Examples for throughput are megabytes per second
read from a disk, database transactions per minute, megabytes transmitted per second through a
network adapter.

Let’s go back to the previous example with the online store. The computer system on which the
online store is running might be one out of many computers that are all connected to the same
database server. While response time of the database server is still an important factor, its
throughput is more important since it processes many requests from the web serversin parallel.

2.5 Throughput versus Response Time

Throughput and response time are related. In many cases a higher throughput comes at the cost
of poorer response or slower response as well as better response time comes at the cost of lower
throughpuit.

Let’s assume you load atruck with 10,000 1TB disks, drive the truck 30 miles and unload the
disks within one hour. The throughput would be 2.8TB per second but at the cost of the response
time which would be an hour.

Now take a muscle car instead of atruck. It's unlikely that 10,000 disks would fit into a small
car, so let’s assume we can load 100 1TB disks, drive the muscle car 30 miles and unload the
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disks within 20 minutes. The response time now is three times better compared to the truck,
however, the throughput reduced to 0.083TB per second.

2.6 Acceptable Performance

It is best to evaluate performance of a system through objective measurements, for example
through application log files, or batch job run times.

Acceptable performance is based on customer expectations. Expectations can be based on
benchmarks, modeling, or experience. Incorrect assumptions when architecting a system may
create a situation where acceptabl e performance cannot be attained.

AIX on Power - Performance FAQ Page 11
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3 Performance Benchmarks

3.1 Introduction

This chapter covers the performance benchmarks and how they should be used to compare
system performance. It covers the most commonly used industry standard and known industry
standard benchmarks on Power Systemsincluding SPEC, TPC and rPerf.

3.2 What Are Performance Benchmarks?

Performance benchmarks are well defined problems or tests that serve as a basis to evaluate and
compare the performance of computer systems. Performance benchmark tests use representative
sets of programs and data designed to evaluate the performance of computer hardware and
software in a given configuration.

3.3 SPEC Benchmarks
3.3.1 Introduction

This section provides an overview of asubset of the Standard Performance Evaluation
Corporation (SPEC) benchmarks. SPEC provides a standardized set of benchmarks to evaluate
the performance of the newest generation of high-performance computers. For a complete list of
benchmarks and corresponding descriptions, please visit http://www.spec.org.

3.3.2 SPEC CPU2006

SPEC CPU2006 is an industry-standard benchmark designed to provide performance
measurements that can be used to compare compute-intensive workloads on different computer
systems, SPEC CPU2006 contains two benchmark suites: CINT2006 for measuring and
comparing compute-intensive integer performance, and CFP2006 for measuring and comparing
compute-intensive floating point performance.

For more information, please see http://www.spec.org/cpu2006/

3.3.3 SPECpower_ss)2008

SPECpower_s52008 is the first industry-standard SPEC benchmark that eval uates the power and
performance characteristics of volume server class computers.

SPEC has designed SPECpower_ss)2008 to be used as both a benchmark to compare power and
performance among different servers and as a toolset to improve server efficiency.

The benchmark workload represents typical server-side Java business applications. The
workload is scalable, multi-threaded, portable across a wide range of operating environments,
and economical to run. It exercises the CPUs, caches, memory hierarchy and the scalability of
shared memory processors (SMPs), as well as the implementations of the VM (Java Virtual
Machine), JT (Just-In-Time) compiler, garbage collection, threads and some aspects of the
operating system.
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The metric for SPECpower_sg2008 is “overall ss_ops/watt”.

For more information, please see http://www.spec.org/power_ss2008/

3.3.4 SPECjbb2005

SPECjbb2005 is an industry-standard benchmark designed to measure the server-side
performance of Java runtime environment.

The benchmark evaluates the performance of server side Java by emulating a three-tier
client/server system with emphasis on the middle tier. It exercises the implementations of the
JVM (JavaVirtual Machine), JIT (Just-In-Time) compiler, garbage collection, threads and some
aspects of the operating system. It also measures the performance of CPUS, caches, memory
hierarchy and the scalability of shared memory processors (SMPs).

The metrics for this benchmark is SPECjbb2005 bops (busi ness operations per second), and
SPECjbb2005 bops/IVM.

For more information, please see http://www.spec.org/jbb2005/

3.3.5 SPECjEnterprise2010

SPECjEnterprise2010 is a multi-tier benchmark for measuring the performance of Java
Enterprise Edition 5.0 (Java EE 5.0) technology based application server.

The benchmark stresses all mgjor Java EE 5.0 technologies implemented by compliant Java EE
5.0 application servers. It aso heavily exercises all parts of the underlying infrastructure that
make up the application environment, including hardware, VM software, database software,
JDBC drivers, and the system network.

The metric for SPECjEnterprise2010 is Enterprise jJAppServer Operations Per Second
(* SPECjEnterprise2010 EjOPS”).

For more information, please see http://www.spec.org/jEnterprise2010/

3.3.6 SPECweb2005

The SPECweb2005 benchmark includes workloads to measure banking, e-commerce and support
web server performance using HTTP (non-secure), HTTPS (secure) and amix of secure and non-
secure HTTP connections.
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SPECweb2005 supersedes the SPECweb99 and SPECweb99 SSL. benchmarks which were
retired in October 2005. It includes enhancements like dynamic web content, simulation of
browser caching and the ability to poll clients for data during the runs.

For more information, please see http://www.spec.org/web2005/

3.3.7SPEC SFS

The SPECsfs97 _R1 benchmark includes workloads to measure both NFS V2 and NFS V 3 server
performance over UDP and TCP. Dueto NFS V2 and UDP becoming less prevalent in customer
environments, the primary workload receiving most focus is SPECsfs97_R1.v3 over TCP. The
metrics for this benchmark include peak throughput (in NFS ops/sec) and response time (in
msec/op).

The SPECsfs2008 benchmark supersedes SPECsfs97_R1. It contains an updated NFSV3
workload, plus aworkload to measure Common Internet File System (CIFS) server performance.
Among other changes, the NFS V 3 workload was modified to reflect industry trends of
increasing file sizes and increasing sizes of over-the-wire Remote Procedure Calls (RPCs).

SPEC SFS stresses many kernel subsystems, including NFS (or CIFS), Virtua Memory
Management subsystem (VMM), Process and Threads Management subsystem (sysproc), the
native file system being exported (e.g., JFS2), LVM, TCP/IP, storage devices drivers, network
device drivers, etc. It consumes 100% system (and no user) time.

One drawback of the benchmark is the amount of auxiliary equipment required, including client
machines and a significant amount of disk storage. However, SPEC SFSisan excellent
benchmark for measuring overall kernel performance.

For more information, please see http://www.spec.org/sfs2008/

3.4 TPC Benchmarks
3.4.1 Introduction

This section provides a general description of the Transaction Processing Council (TPC)
benchmarks. The purpose of these database benchmarksis to provide performance data to the
industry.

All the TPC results must comply with standard TPC disclosure policies and be reviewed by a
TPC auditor. A Full Disclosure Report and Executive Summary must be submitted to the TPC
before aresult can be announced.

For further detail on the TPC benchmarks and announced results refer to the TPC website:
www.tpc.org

Results should be sorted by Number of Cores or even Number of Hardware Threads, since
#Processors can be deceiving when comparing dual-cores with quad-cores.

AIX on Power - Performance FAQ Page 14
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34.2TPC-C

The TPC-C benchmark is emulating a moderately complex on-line transaction processing
(OLTP) environment. It simulates a wholesale supplier with a number of geographically
distributed sales districts and associated warehouses, managing orders where a population of
users executes transactions against a database.

The workload consists of five different types of transactions:

* New order: Enters anew order from a customer

* Payment: Updates customer’ s balance (recording payment)

* Order status: Retrieves the status of customer’s most recent orders
» Ddivery: Ddiver orders (queued for deferred execution)

» Stock level: Monitors the stock (inventory) level

The termina emulators execute transactions against a database consisting of nine tables and do
operations like “update”, “insert”, “delete” and “abort”. Each transaction has a response time
requirement. At least 90% of each transaction must have aresponse time of lessor equal to 5
seconds, except for stock level which isless or equal to 20 seconds.

The minimum transaction mix, the minimum keying time, a 90% response time constraint, and
minimum mean of think-time distribution that must be maintained during the measurement
interval isasfollows:

Transaction Minimum Min 90% Percentile Minimum
Type % of mix Keying Response Time M ean of Think
- Constraint Time
Ime . . .
(sec) Distribution
(se0) (sec)
New Order No min — measured rate | 18 5 12
isthe reported
throughput
Payment 43% 3 5 12
Order Status 4% 2 5 10
Delivery 4% 2 5
Stock 4% 2 20

The throughput of the TPC-C workload is driven by the activity of the terminals connected to
each warehouse. The users and database scale linearly with throughput.

TPC-C requires that the database transactions be ACID (Atomicity, Consistency, Isolation, and
Durability) compliant.

e Atomicity: Verify that al changes within atransaction commit/abort.
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* Consistency: Verify the level of database consistency across the mix of transactions.

* |solation: ANSI repeatable reads for all but stock level transactions. The only exception isto
allow non-repeatable reads (cursor stability) to stock level transaction.

* Durability: Must demonstrate recovery loss of power, memory and media.

TPC-C requiresthat al data partitioning be fully transparent to the application code. It allows
both horizontal and vertical partitioning.

The benchmark must be conducted at steady state (sustainable throughput for a continuous
period) and the measured interval must be equal or greater than 2 hours.

The primary metrics are:

* TheTPC-C Maximum Qualified Throughput (MQTh) rating expressed in new-order
transactions executed per minute (tpmC) which is aso known as the performance metric.

* Thetota 3-year pricing divided by the MQTh and expressed as price/tpmC which isalso
known as the price/performance metric.

When comparing results one has to decide on the range of performance and price/performance
that is most important and the relative importance of each factor. Typically, users start their
evaluation process by stating that they are interested in systems that offer, say, 5,000,000-
6,100,000 tpmC, in a price/performance range of $2-3. Once they have extracted those systems
from the TPC-C's results listing, they can proceed with a more thorough investigation of the
merits of each system.

343 TPC-H

The TPC-H benchmark models a decision support system by executing ad-hoc queries and
concurrent updates against a standard database under controlled conditions. The purpose of the
benchmark is to “provide relevant, objective performance data to industry users’ according to the
specifications and all implementations of the benchmark, in addition to adhering to the
specifications, must be relevant to real-world (i.e. customer) implementations. TPC-H represents
information analysis of an industry which must manage, sell or distribute a product worldwide.
The 22 queries answer questions in areas such as pricing and promotions, supply and demand
management, profit and revenue management, customer satisfaction, market share, shipping
management. The refresh functions are not meant to represent concurrent on-line transaction
processing (OLTP); they are meant to reflect the need to periodically update the database.

TPC-H enforces the ad-hoc model by severely restricting the implementation of auxiliary data
structures such as indices and materialized query tables (sometimes known as automatic
summary tables or materialized views). It also restricts how horizontal partitioning (by row) may
be implemented. The partitioning column is constrained to primary keys, foreign keys and date
columns. If range partitioning is used, the ranges must be divided equally between the minimum
and maximum value. By imposing these restrictions, the TPC-H benchmark maintains the server
platform as part of the performance equation and represents an ad-hoc environment.
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The TPC-H database size is determined by the scale factor (SF). A scale factor of 1 represents a
database with 10,000 suppliers and corresponds approximately to 1GB of raw data. Only a subset
of scale factors are permitted for publication: 1, 10, 30, 100, 300, 1000, 3000, 10000, 30000 and
100000. The databaseis populated with a TPC supplied data generation program, dbgen, which
creates the synthetic data set. The set of rows to be inserted or deleted by each execution of the
update functions is also generated by using dbgen. The database consists of eight tables:

TABLE NAME CARDINALITY
REGION 5

NATION 25

SUPPLIER SF*10K

CUSTOMER SF*150K

PART SF*200K

PARTSUPP SF*800K

ORDER SF*1500K

LINEITEM SF*6000K (approximate)

The benchmark results, which consist of two performance metrics and one price/performance
metric:

* Composite Metric (QphH@Size™) = | [QppH @size* QthH @size. This metric isthe primary
performance metric which is composed of the two pieces:

* Power (QppH@Size™) = 3600* - where Q1, Q2... RF1, RF2 aretiming
2/Q1* Q2*...* Q22* RF1* RF2
intervals in seconds of queries and updates. The geometric mean of the queries and
updatesis used here to give equal “weighting” to all the queries even though some may
be much longer running than others. The power metric is derived from a power run
(single stream) in which all queries and update functions are run in a specified sequence.
e Throughput (QthH@Size™) = NumberOfSreams™ 24* 3600* S here each stream is defined
TotalElapsedTime
as a set of the 22 queries and 2 updates in the predefined order and total elapsed time
includes the timing interval for the completion of al query streams and the paralel
update stream. The throughput metric must be derived from a throughput run (multi-
stream).
* Price/Performance (Price-per-QphH@size™) = $
QphH @Sze
software and 3 year maintenance costs for the system under test.

where $ isthe total hardware,

In addition to these TPC metrics, the number of streamsis reported, which gives an indication of
the amount of concurrency during the throughput run. The database load time (defined as the
total elapsed time to create the tables, load data, create indices, define and validate constraints,
gather database statistics and configure the system under test) is also reported.
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TPC-H benchmark measures the server’s CPU, 1/0 and memory capabilities via various database
operations such as full table scans, sorting, joins and aggregation. It aso measures how well a
RDBMS performs these basic database operations, and rewards those with efficient code paths
and advanced query optimizers and paralel technology.

The Power test includes the sequential execution of 22 queries. Since each query has a different
resource requirement the system utilization varies significantly during the test. It isimportant to
understand the resource needs of the various queries and tune the system to accommodate as
many queries as possible for the best query response time. The Throughput test measures the
system throughput time with multiple streams (users).

The performance (Composite Metric, the higher number the better) and price/performance (price
per QphH@size, the lower price the better) are the two values one would look for to understand
how well the system is performed and itsrelative cost. And users can take the system
configuration used for the benchmark to achieve an optimal, balanced system for data warehouse
or business intelligent type of environment.

344 TPC-E

TPC-E isan OLTP workload designed to simulate a Stock Brokerage House, i.e. Customer
trading accounts interacting with an Artificial Market Emulator.

Customers M ar k et

Customer Brokerage Mar ket

Brokerage
Request Response 1 Response J

Request

Asynchronous Txns
®B2B Environment

e ®Send Trade to Market
Market
Response Receive Trade Result

Brokerage
Response

Brokerage
Customer H Ouse

Brokerage
Request

C2B is customer to Brokerage, B2B is Brokerage to Brokerage.

The customer emulators execute a predefined mix of 11 transactions against the database all
reflecting aspects of stock trading and with a preset light/heavy (processing power required) and
read/write expectation,
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customer

customer

customer

customer

per 12min

rw is read-write, ro isread-only, Weight is Processing power, Category indicate which part
initiates transaction, Frames indicate the number of client/server interactions.

The overall metrics are called tpsk and is TradeResults per second and $/tpsk, whichisthe
pricing component. The general scale factor is 500, which means that each 500 customers should
generate within 2% of 1 tpsE to be valid. Many of the metrics have parallels to the TPC-C
benchmark, however since the measurement setup does not require afull 3-tier’ ed RTE (Remote
Terminal Emulator) , metrics like Menu time, Keying and Think time are non-existent, only 90%
percentile Response Times are reported. Apart from the overall transaction mix, many
transactions have additional constraints on input values to force a certain preset diversity, for
instance Customer Position must have 50% by _tax_id and 50% get_history.

A number of other workload and hardware configuration parameters are a so used to categorize a
particular platform

e Customers (which isan indicator of database size)

*  Processor type and speed, caches, # Processor/Cores/Threads
e Physica memory

e #Physica Disksand sizes

e #Disk controller, types

* Network speed

* Server OS

» Database vendor
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Generally TPC-E isalessi/o intensive, less memory requiring workload compared to TPC-C,
but puts a higher demand on processing power and processor<->memory and cache activity.

3.5HPC Benchmarks
3.5.1 Linpack

Linpack isanumerically intensive benchmark that iswidely used in High Performance
Computing (HPC) environments to measure floating point performance of computers. It is used
to rank the top 500 supercomputer systems.

3.6 rPerf

Workloads have shifted over the last eight years and IBM is committed to providing clients with
arelative system performance metric that reflects those changes. IBM publishes the rPerf relative
performance metric for the IBM Power Systems family of UNIX servers. This metric replaced
ROLTP which was withdrawn. rPerf is a combination of several different measures of total
systems commercia performance that takes into account the demands on a server in today's
environment. Although you might find historical referencesto ROLTP on this Web site, it will

no longer be published for any currently marketed or new System p servers.

rPerf (Relative Performance) - An estimate of commercial processing performance relative to
other IBM UNIX systems. It is derived from an IBM ana ytical model which uses characteristics
from IBM internal workloads, TPC and SPEC benchmarks. The rPerf model is not intended to
represent any specific public benchmark results and should not be reasonably used in that way.
The model simulates some of the system operations such as CPU, cache and memory. However,
the model does not simulate disk or network 1/O operations.

rPerf estimates are calculated based on systems with the latest levels of AIX® and other

pertinent software at the time of system announcement. Actual performance will vary based on
application and configuration details. The IBM eServer™ pSeries® 640 is the baseline reference
system and has a value of 1.0. Although rPerf may be used to compare estimated IBM UNIX
commercial processing performance, actua system performance may vary and is dependent upon
many factors including system hardware configuration and software design and configuration.
Note that the rPerf methodol ogy used for the POWERG6™ systemsisidentical to that used for the
POWERS™ systems. Variations in incremental system performance may be observed in
commercial workloads due to changes in the underlying system architecture.

All performance estimates are provided "AS IS" and no warranties or guarantees are expressed or
implied by IBM. Buyers should consult other sources of information, including system
benchmarks, and application sizing guides to evaluate the performance of a system they are
considering buying. For additional information about rPerf, contact your local IBM office or
IBM authorized reseller.
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3.6.1 Overlap in Performance

Figure 3.6.1 illustrates how IBM maintains your mileage may vary when looking at rPerf results.
To illustrate this here would be IBM’ s view on how the different models could well overlap --- it
is key that rPerf does include the uplift for SMT

Power midrange system
P5 1.5 GHz

P51.656 GHz

18.2
19.6
222
24.4
273
40.2

PG 5.0 GHz f I I

15 20 25 30 35 40 45 50 rPerf

Figure 3.6.1 Overlap in Performance

3.7 Custom Benchmarks and Proof of Concepts (PoC)

Custom benchmarks are often used when industry standard benchmarks are not available for a
specific computer system or its configuration or, when none of the industry standard benchmarks
reflect the actual workload.

Custom benchmarks can be as simple as testing a specific function or subroutine, also known as
atomic test, or as complex as recreating a multi tier application and database server environment.

When a custom benchmark is performed to measure the performance of acomputer system for a
customer production workload it isimportant that the benchmark test represents the real
workload to get meaningful data

For example, running a single database job at atime on an otherwise idle database server
provides good information about the performance of the database server under best possible
conditions. However, it does not provide any information about the performance of this database
job when the server is under medium or heavy production workload.
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3.7.1 Considerations

When doing a custom benchmark or Proof of Concept (PoC) it is important that the test be
constructed to simulate the production environment. Thisis especialy true as the hardware
continues to evolve into the multi-core era and more time is being invested in the cache/memory
hierarchy.

Are you really Do you have Single database
running asingle multiple users query does not often
thread for your or running single equate to single

production threads?? thread

environment??

Although true single
threaded applications
exist — most production
environments have
multiple users running
single thread in
conjunction with multi-
threaded apps

Multiple users
running multiple
queries —thread

counts add up fast

Database level tuning For Database applications System level tuning options are
options are key itis key you have a key considerations:
considerations representative set of data schedo -h vpm_xvcpus

—the cardinality of the schedo -h vpm_fold_policy
data is key for the DBMS schedo -h smt_snooze_delay
choosing arepresentative schedo -h ded_cpu_donate_thresh

path to retrieve the data

Figure 3.7.1 Considerations

3.7.2 Common Pitfalls for Custom Benchmarks

The most common pitfall when running a custom benchmark or a proof of concept is that the
benchmark test does not simulate the real production environment and the benchmark result does
not represent the performance the system will achieve in the production environment. The
achieved benchmark result might be much better for the benchmark test than for the real
production workload which most likely would lead to performance problems later on when
running the real workload. It also could be the other way around potentially causing delays or
failure of the PoC.

3.8 Comparing Benchmark Results

When comparing performance benchmark results it isimportant to compare “ apples-to-apples”
by comparing the results of the same performance benchmark test(s). The result of one
benchmark test often does not represent the performance of a computer system for another
workload.

For example, the result of afloating point intensive benchmark test doesn’t provide any
information about the performance of the same computer running an integer intensive benchmark
or an OLTP workload and vice versa.
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A common pitfall in setting wrong performance expectationsis to look at the results of one
performance benchmark and apply it to another workload. An example for thiswould be to
compare the benchmark results of two computer systems running an OL TP workload which
shows that machine A is 50% faster than machine B and expect that machine A would also be
50% faster for aworkload that wasn't measured.

3.9 References

TPC http://www.tpc.org

SPEC http://www.spec.org

LINPACK http://www.netlib.org/benchmark/performance.pdf

rPerf http://www-03.ibm.com/systems/p/hardware/notices/rperf.html
TOP500 http://www.top500.org/
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4 Workload Estimation and Sizing

4.1 Introduction

Sizing asystem, and al its various components, so that it is capable of adequately supporting a
production environment can be quite complex. It requires a good knowledge of the
characteristics of the workload(s) to be run, and the load that they will place on the system
components.

Some questions to consider before beginning the sizing exercise:

1. What arethe primary metrics, e.g., throughput, latency, that will be used to validate that the
system is meeting performance requirements?

2. Doestheworkload run at afairly steady state, or isit bursty, thereby causing spikesin load
on certain system components? Are there specific criteria, e.g., maximum response time that
must be met during the peak loads?

3. What are the average and maximum |loads that need to be supported on the various system
components, e.g., CPU, memory, network, storage?

4.2 Benchmarksand Sizing

It'simportant to understand that benchmarks typically use the latest software stack to exploit
possible improvements that comes with new hardware. For example, AI1X 6.1 and later take full
advantage of the four hardware threads (SMT4) that where introduced with POWER7. AIX 5.3,
also supported on POWER7, does not take advantage of SM T4 and therefore might not provide
the same performance as the newer versions of the operating system.

Benchmarks typically provide a metric like number of transactions per time period for a system
or acore. Such a metric does not provide a good base to estimate CPU consumption (utilization).
For example, let’s assume that system A has a benchmark result for a compute intensive
workload that is 2x the capacity of system B. This could lead to the assumption that the CPU
utilization of system A would be 50% when running system B’ s workload on it. This may be the
case but there is no guarantee for it.

4.3 System Sizing Tool

Workload Estimator (WLE) is aweb-based sizing tool that can be used to size a System. It takes
workload characteristics as input, and provides output consisting of recommendations for the
appropriate processor, memory, |/O adapter, 1/0 subsystem, and storage configuration for a
system that will handle the workload with adequate performance.

Thetool is updated frequently with new data based on actual internal workload measurements
that stress key subsystem componentsin order to provide more accurate sizing. It can be used to
size not only dedicated processor configurations, but logical partitioning and micro-partitioning
environments as well.
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Rather than re-inventing the wheel with spreadsheet models, etc., it is recommended that you
start with WLE to seeif it meets your sizing requirements.

WLE can be found at:
http://www-304.ibm.com/systems/support/tool §/estimator/index.html
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5 Performance Concepts

5.1 Introduction
This chapter provides ahigh level overview of key performance concepts.

5.2 CPU Performance
5.2.1 Central Processing Unit (CPU)

The Central Processing Unit takes a central role in the performance of a computer system. This
section describes the basic characteristics of a CPU that have an impact on performance.

CPU clock speed

The clock speed is the frequency at which a CPU operates. The clock speed isin units of
megahertz (MHz) on older CPUs and gigahertz (GHz) on modern CPUs. A clock speed of one
megahertz is equal to one million CPU cycles and a clock speed of one gigahertz is equal to one
billion CPU cycles. A CPU cycleistheinterval of time needed to perform one operation -
modern CPUs can perform multiple operations during one CPU cycle. A CPU cycleis not equal
to a CPU instruction which often requires multiple CPU cyclesto complete.

CPU Instruction

A CPU instruction is amachine or assembly language instruction that specifies the operation
given to a CPU. Examples for CPU instructions are load, add, and store. Some CPU instructions
are more complex than others and therefore require more CPU cycles to compl ete.

For example, while a CPU instruction to bit-shift the contents of aregister left may take one
CPU cycle, asguare root instruction needs N cycles.

Cycles per Instruction

The number of CPU cycles to complete an instruction depends on the complexity of the
instruction itself, whether datais available or needs to be loaded from cache or memory, and the
availability of the processor units required for the instruction.

Path Length
The path length is the number of instructions it takes to complete a certain task

Execution Time

The execution time is the combination of path length, CPI and clock frequency. The execution
time can be heavily impacted by the cycles per instructions.
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For example, an application running on the same machine will be 20% slower when executing
with aCPI of 6 relativetoaCPl of 5 (6 = 1.2 *5) but 16% faster when executing with a CPI of 5
compared to aCPI of 6 (1 -5 CPI/6 CPl) = (1-5/6) = 0.16.

5.2.1 Multi-Processor Systems

Multi processors systems are more complex than single processor systems because access to
shared resources like memory needs to be serialized and the data needs to be kept synchronized
across the caches of theindividua CPUs.

Types of Multi-Processor Systems

Shared Nothing MP (pure cluster)
CPCS Al CPCS Al » Each processor is a stand-alone machine
o »  Own copy of the operating system
* No resources shared

Core

Caches

Caches

RAM Disk RAM

I

e Communication through network

Network

" "Computer | " Computer | Share Disk MP
cPU cPU * Each processor has its own memory and cache
o ¢ Own copy of the operating system
* Processorsrunin parallel
e Sharedisks
e Communication through network

Core

Caches Caches

RAM Disk RAM

I

Network

: - Shared Memory Cluster (SMC)
omputer omputer
cPU cPU * All processorsin ashared memory cluster

Core Core

» Each processor hasits own resources
*  Own copy of the operating system

* Processor tightly coupled

* Connected through switch

Caches Caches

Switch
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- Shared Memory MP
omputer
(cru cPy cPy cPy * All processors tightly coupled; all inside the same
Core Core Core Core box with high speed bus or switch
(LCaches | ((Caches | (LCachen | ( (aches *  Processors share memory, disks, and 1/0 devices
] [ ] [ ] [ ] 4 * One copy of the operating system
Fabric Bus . .
ﬁ ﬁ ﬁ * Multithreaded operating system
RAM Network

Disk

Figure 5.2.1 Types of Multi-Processor Systems

5.2.3 Multi Threading

Hardware multithreading originally was introduced with the models M80 and p680. Newer
processors, like POWERS, POWER6 and POWER7™, support Simultaneous Multithreading,
SMT, which allows both hardware threads to execute instructions at the same time. The
POWERS and POWERG cores support single thread mode (ST) and simultaneous multithreading
with two SMT threads (SMT2). Each SMT thread is represented asalogical CPU in AIX. When
running in SMT2 mode, a system with a single POWERS or POWERG core will have two logical
CPUs. The POWERY core supports single thread mode (ST) and simultaneous multithreading
with two SMT threads (SMT2) and four SMT threads (SMT4). When running in SMT4 mode, a
system with asingle POWERY core will have four logical CPUs. To fully benefit from the
throughput improvement of SMT, applications need to utilize al of the SMT threads of the
processors.

Core SMT Mode Number of logica CPUs
POWER5 ST 1
POWER5 SMT2 2
POWERG ST 1
POWERG6 SMT2 2
POWER7 ST 1
POWER7 SMT2 2
POWER7 SMT4 4

The table above shows the number of logical CPUs per core when running in different SMT
modes.

Cache misses can delay the execution of instructions in a processor for many cycles during
which no other instruction can be executed. Multithreading address this issue by simultaneously
holding the state of two or more threads. When one thread becomes stalled, due to a cache miss
for example, the processor switches to the state and attempts to execute the instructions of
another thread.
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5.2.4 Processor Virtualization

In avirtualized environment physical processors are represented as virtual processors that can be
shared across multiple partitions. The Hypervisor assigns physical processors to shared
partitions, also known as SPLPAR or micro partitions, based on the capacity configurations and
resource consumption of the partitions.

Virtual Processor Management

Virtual processor management, also known as Processor Folding, dynamically increases and
reduces the number of virtual processors of a shared partition based on the instantaneous load of
the partition. Many workloads benefit from virtual processor management due to higher degree
of processor affinity.

5.3 Memory Performance
5.3.1 Memory Hierarchy

The memory of a computer system is divided into severa layers of different speeds and sizes.
Typicaly, the faster the memory is the more expensiveit is to implement and therefore smaller
insize.

The following figureis ahigh level representation of the memory hierarchy based on the location
of the memory in a computer system. The implementation of the individual memory layer may
differ depending on the implementation of a specific architecture.

Computer
)
CPU
Core /
Registers
L] B — Storage
L2 L3
NEPAN
RAM SCSlI, iSCSl,
Storage Server,
Virtual Disk

Figure 5.2.1 Memory Hierarchy
Registers
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Theregisters of a CPU isthe fastest memory and is the top layer of the memory hierarchy of a
computer system. A CPU has alimited number of registers which can be used for integer and
floating point operations.

Caches

Modern processors have multiple layers of caches. The fastest cache that is closest to the
registersisthe Level 1 cache. It isthe smallest cache and often divided into a Level 1 instruction
and Level 1 data cache.

The next level of cacheisthe Level 2 cache which often holds instructions and data. The Level 2
cache has higher access latency than the Level 1 cache but has the advantage that it can be
several megabytesin size.

Some processors have athird level of cache which either can be on the same chip asthe
processor or external; in the latter case the processor will have a cache controller.

Cache Coherency

Cache coherency becomes an important factor on Symmetrical Multi-Processor (SMP) systems
when each processor has its own cache. A coherency problem can occur when two or more
processor can have a copy of the same datain their caches. To keep the data consistent,
processors use snooping logic to broadcast a message over the bus each time its cache has been
modified. When a processor receives a message from another processor and detects that another
processor changed a value for an address that existsin its own cache, it invalidates its own copy
of the data (called crossinvalidate).

Cross invalidate and snooping have an impact on performance and scalability of SMT systems
due to increased number of cache missed and increased bus traffic.

Random Access Memory (RAM)

The next level in the memory hierarchy is the Random Access Memory (RAM). It is much
slower than the caches but also much cheaper to produce. The size of the RAM in a computer
system can vary from several hundred megabytes on a small work station to several terabytes on
high end servers. A processor accesses RAM either through integrated memory controllers or
through bus systems which connects it to an external memory controller.

Storage

Storage is the bottom layer of the memory hierarchy since it is significant slower than any other
layer. While accessing caches takes only afew CPU cycles, accessing storage can take millions
of cycles.

Storageis mainly used for storing persistent data, either filesin afile system or raw data used by
databases. However, it is also used to temporarily store computational memory in the cases
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where a computer system has insufficient real memory (RAM) or itstuning is causing
unnecessary paging activity.

5.3.2 Virtual Memory

Virtua memory is amethod that allows the operating system to address more memory than a
computer system has real memory. Virtua memory consists of real memory and physical disk
space used for working storage and file pages. On AlX, virtual memory is managed by the
Virtual Memory Manager (VMM).

VMM Virtual Segments

The AIX virtual memory is partitioned into virtual segment. Each virtual segment is a continuous
address space of 256 MB (default segment size) or 1TB (super segment) and further divided into
pages. Pages can have multiple sizes and are not necessarily contiguous in physical memory.

The type of the VMM virtual segment defines for what type of pages the segment is being used
for, i.e. working pages or file pages. The following table lists the most commonly used VMM
virtual segment types.

Segment Type | Used for

Computational | Process private segments

Shared segments

Paging space

Client Enhanced JFS (JFS2) fileand
executables

NFS files and executables

CD-ROM, DVD file system
Compressed JFS files and executables

Persistent JFS files and executables

Rea memory

Real memory is divided into page frames which size depends on the version of AlIX and the
platform on which it is running. On legacy systems that don’t support page sizes larger than 4
KB the real memory is divided into 4 KB frames. Platforms and Al X versions that do support
larger page sizes divide the memory into frames with multiple page sizes. The following table
shows what pages sizes are supported by the individual platforms and versions of AlIX:

Page Size Platform AlX version
4 KB - small All 3.1 and later
64 KB - medium | POWER5+ and later | 5.3 and later
16 MB - large POWER4 and later 5.1 and later
16 GB - huge POWERG and | ater 5.3 and later
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AlIX 5.3 and later dynamically manages pools of 4KB and 64KB page sizes. Starting with AIX
6.1 on POWERG individua segments can have 4KB and 64KB page sizes.

Address Trandlation

Applications that are running on Al X, 32-bit or 64-bit, will have their own address space starting
from address O to the highest possible address. Shared segments, the shared library segment for
example, are mapped into the address space of the application.

When an application accesses memory, the effective address used by the application will be
trandlated into areal memory address. The effective-to-real-address trandlation is done by the
processor which maintains an effective-to-real-address (ERAT) trandlation table. When a
processor does not have the necessary information for the address trandation it will try to walk
the page frame table and/or access the translation lookaside buffer (TLB) first.

5.3.3 Memory Affinity
Memory Affinity

Memory affinity is an approach to allocate memory that is closest to the processor on which a
process caused a page fault. The AIX memory affinity support allows user memory allocation in
afirst-touch or round-robin (default) scheduling policy. The scheduling policy can be specified
for individua memory types, such as data, mapped files, shared memory, stack, text and
unmapped files.

An efficient use of memory affinity requires an appropriate degree of processor affinity to assure
that application threads that are interrupted are redispatched to the processor(s) from which their
memory was allocated.

Processor Affinity

The goal of processor affinity isto reduce the number of cache misses by redispatching an
interrupted thread to the same processor it previously was running on. The efficiency of
processor affinity mainly depends on contents of the processors cache. In the best case, the
processor’ s cache contains sufficient data from the thread and the thread’ s execution can
continue without any waits to resolve cache misses. In the worst case the processor’ s cache has
been depleted and the thread will experience a series of cache misses.

5.4 Storage Performance
5.4.1 Storage Hierarchy
Figure 5.4.1 demonstrates the storage hierarchy
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File
File System
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by Logical Volume Manager
Disk Device Driver
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g Storage Server,
Virtual Disk

Figure 5.4.1 Storage Hierarchy
File
A fileisalogically continuous stream of data. Applications can read from files and write into
files without knowing anything about where the data on the file system is located at or what the

block sizeis used by the file system to store the data. Each file has attributes like the filename,
ownership, creating date, last modification data, file access permission, and others.

File System

Thefile system divides the avail able file system space into blocks of data; these blocks are
known as the file system block size. File system data blocks have no structure. They are
managed by inodes which associate file system data blocks with files. The inodes also contains
the file attributes.

Logica Volume Manager

The Logica Volume Manager composes volume groups out of a single or multiple physica
volumes. Each physical volume is divided into physical partitions which are mapped to logica
partitions. Logical partitions are combined to logical volumes which can be used for file systems
or raw data.

Disk Device Driver

The disk device driver adds the support for the protocol used by the storage devices. The most
common storage protocol isthe small computer system interface (SCSI) protocol. The disk
device driver also controls the order in which requests are being serviced and when possible,
coal esces multiple requests

Disk Adapter Device Driver & Disk Adapter
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The disk adapter device driver adds support for the disk adapter that connects the computer to the
storage device. Common disk adapters are SCSI, FC, SATA, and iSCSI adapters.

Storage

The storage can range from asingle internal SCSI or SATA disk to afiber channel (FC) attached
storage server or Ethernet connected NFS/NAS server.

5.4.21/0 Path

Figure 5.4.2 demonstrates the different I/O paths applications can use when accessing data
located on alocal storage device

File System Raw LV Raw Disk
Application Application Application
File System
lCached
1/0
Direct
VMM
(] (] ]
5 /O = 3
2 ! 2 v 2
(] (] n
Raw Logical Volume Raw Logical Volume
! ! v
Disk Device Driver Disk Device Driver Disk Device Driver
Disk Adapter DD Disk Adapter DD Disk Adapter DD
| | |
v v v
Disk Adapter Disk Adapter Disk Adapter
o l o l Q l
IS IS IS
= = =
Ic Storage IS Storage = Storage
IS IS S
Figure 5.4.2 1/0 Path
File System I/O

The most commonly used 1/O path isfile system I/O where applications read or write datathat is
managed by the file system. Applications can specify through the open flags whether the data of
afile should be cached in VMM (default) or directly accessed, bypassing VMM.

The following table includes the most commonly used file access modes:
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File Access Mode Description

Non-synchronous I/O | Regular cached 1/0O (default unless specified otherwise);
datais flushed out to disk through write behind and/or
syncd; the file system reads pages into memory ahead of
time when sequential read access pattern is determined

Synchronous 1/0 Cached 1/0O, writesto files don’t return until the data has
been written to disk; the file system reads pages into
memory ahead of time when sequentia read access
pattern is determined

Direct I/0 Bypasses the VMM file cache; dataisread or written
directly from the file system

Concurrent 1/0 Same as Direct 1/O but without inode lock serialization

Asynchronous I/O I/0 is serviced asynchronously by AlIX kernel subsystem

Note: Direct 1/0 and Concurrent 1/O file access mode al so can be specified as mount option for
the file systems.

Raw LV

Some applications, typically database applications, bypass the file system and VMM layers and
access thelogical volumes directly. Bypassing the file system and VMM layers usually is done
to improve performance by reducing the path length.

Raw Disk

Applications can bypass LVM altogether by accessing the raw disks directly. Like with raw
logical volumes, thistypically is done to improve performance by reducing path length.

5.4.3 Network File System |/O Path

Similar to the I/O path for local storage, the data of a Network File System (NFS) can be cached
by VMM (default) or accessed without caching by using the direct 1/0 mount option. The
concurrent 1/0 option can aso be used, which resultsin access similar to direct I/O, but without
rnode lock serialization. Any operation on a Network File System is handled by the NFS client
who communicates with the NFS server using the UDP or TCP network protocol. Please see
chapter 6.5 Network Performance for details on the network layer and protocols.
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Figure 5.4.3 Network File System 1/O Path

Software

5.4.4 Storage Virtualization

The VIOS provides multiple options to virtualize storage to avSCSl client, which areillustrated
infigure 5.4.4.

Physical Volume Backed Virtual Storage

Physical volume backed virtual storage grants avSCSI client access to a physical volume owned
by aVIOS. This type of storage virtualization is common, and primarily used to export internally
attached DA SD or storage connected to a Fibre-channel adapter that does not support NPV (N-
Port ID Virtualization)

Raw L ogical Volume Backed Virtual Storage

The VIOS alows physical volumes to be divided into raw logical volumes so long as the logical
volumes within the VIOS are not striped or mirrored. This featureistypically used by customers
that wish to take internal DASD, and divideit into logical volumes for vSCSI client partitions to
use as boot devices.

File Backed Virtual Storage

Files within a J2 filesystem can be exported to avSCSlI client partition. Thisfeatureis not
typically used by customers other than a method to provide accessto vSCSI client partitions to
optical mediaowned by aVIOS. The VIOS does not support buffered I/O, so none of the J2
files exported as virtual devices are stored within memory file cache.

N-Port 1D Virtualization (NPIV)
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NPIV provides the capability of creating multiple virtual instantiations of asingle physical fibre-
channel port. The VIOS owns the physical adapter and provides the pass through capability to
the vSCSI client partition with the virtual fibre-channel adapter instance. A fibre-channel
adapter and FC switch that support NPIV are required for this functionality. NPIV isvery
popular with customers, since it reduces the amount of administration required within the VIOS
when changing the configuration of avSCSI client, such as changing FC drive attributes.

client2 :
client4
client1 client3 ( )
(physical volume backed) (file-backed)
e ~ ~
Client Partition 1 Client Partition 2 Client Partition 3 Client Partition 4
] =2
Virtual SCSI Virtual SCSI Virtual SCSI Virtual SCSI Virtual SCSI Virtual Virtual Physical
Disk Disk Disk Disk Disk Optical Tape Disk
hdisk0 hdisk0 hdisk1 hdiskD hdisk1 cdl Drive hdisk0
Virtual SCSI Virtual SCSI1 Virtual SCSI Virtual SCSI Virtual FC
Client Adapter Client Adapter Client Adapter Client Adapter Client Adapter
' ™\
Virtual SCSI Virtual SCSI Virtual SCSI Virtual SCSI Virtual FC
Server Adapter Server Adapter Server Adapter Server Adapter Server Adapter
h_———_—————-
1 | Logical volume backed
1 storage poal
1
1 e
1 2
1 Virtual Media Reposiiory
:
! File backed
1 storage pool
1 ' i
! 1
s S T !
Physical FC Physical SCSI Physical SCSI Physical FC
Adapter Adapter Adapter Adapter
Virtual /O Server [
\_ J
= = = =—"n

Physical Physical
Disk 1 Disk 2

Figure 5.4.4 Virtua Disk 1/0 Options

5.5 Networ k Performance
5.5.1 Network Hierarchy

The following figure demonstrates the traditional network hierarchy for computer systems that
are using the TCP/IP network protocols as communication vehicle.
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Figure 5.5.1 Network Hierarchy
Application and Socket Layer

Most applications that are communicating across networks are using the sockets APl as the
communication channel. A socket is an end point of atwo-way communication channd. When
an application creates a socket it specifies the address family, the socket type and the protocol. A
new socket will be “unnamed” which meansthat it does not have any association to alocal or
remote address. In this state the socket cannot be used for a two-way communication.

In order to establish atwo-way communication the application first needs to use the bind()
subroutine to specify the local address and port or the local path name. The second step depends
on whether the application is connecting to or waiting for connection requests from remote
systems. In the case of connecting to a remote system the application needs to call the connect()
subroutine which adds the address and port number of the remote system to the socket and also
tries to establish a connection with the remote system if a connection oriented protocol is being
used. To accept connection regquests from remote systems the application need to call the accept()
subroutine.

TCP/UDP

The Transmission Control Protocol (TCP) isabidirectional and connection oriented protocol. It
provides areliable, sequenced and unduplicated flow of data. Applications that are using TCP
must establish a connection to the remote system.

The User Datagram Protocol (UDP) isabidirectiona and connectionless protocol which does
not require establishing a connection between two endpoints prior communication. It does not
provide flow control and therefore does not detect packet loss, packets that are out of order or
duplicate packets.

IP Layer
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The Internet Protocol (1P) layer provides a basic datagram service to higher level protocols such
as TCP and UDP. When a higher level protocol gives a packet to the IP layer that islarger than
the Maximum Transfer Unit (MTU) of the network interface the packet will be split into multiple
fragments and send to the receiving machine. The receiving machine will reassembles the
fragments into the original packet size before sending it to the higher level protocols.

Demux / Interface Layer

The Interface layer receives outgoing packets from the IP layer. It places the packets on a
transmit queue which is processed by the interface device driver.

The Demux layer receives incoming packets from the network interface device driver and calls
the IP layer for input processing. By default, the IP input processing is done on the interrupt
thread but can be queued for off level processing by using dog threads. When dog threads are
used, all 1P, TCP and socket code processing for incoming packets will be done by the dog
threads.

Network Adapters

High speed network adapters, like 1/10 Gigabit Ethernet adapter, support performance features
like large send and checksum offload to offload processing cycles from the CPU to the network
adapter.

Network Media

The most commonly used network mediatoday is the Ethernet at various speeds including 10
megabit, 100 megabit, 1 gigabit and up to 10 gigabit. Other media types include InfiniBand,
Token Ring, ATM, X.25, FDDI and Seria Line.

5.5.2 Network Virtualization

In avirtualized environment, physical network adapters are replaced by virtual adapters that
communicate with other system through the Hypervisor instead of a physical media. Figure 5.5.2
demonstrates the network hierarchy in avirtualized environment.
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Figure 5.5.2 Network Virtualization
5.5.3 Shared Ethernet Adapter

A Shared Ethernet Adapter (SEA) alows LPARSsto communicate with an external network by
bridging the internal VLAN to the VLANSs on the physical network. The SEA alows bridging
one or more virtual adaptersto a physical Ethernet Adapter, a Link Aggregation or Etherchannel
device.

Figure 5.5.3 demonstrates the SEA bridging the VLAN for LPAR A and LPAR B to aphysical
Ethernet.

Host

LPAR A LPAR B VIO Server
Shared
Ethernet
Adapter

Virtual Virtual Virtual Ethernet

Adapter Adapter Adapter Adapter

Hypervisor /‘55\
— =

\/

Switch, Router,
Point-2-Point

Figure 5.5.3 Shared Ethernet Adapter

5.5.4 Host Ethernet Adapter

POWER®G6 based machines provide the Host Ethernet Adapter (HEA) feature, also known as
Integrated Virtual Ethernet adapter (IVE adapter), which allows sharing of physical Ethernet
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adapters across multiple logical partitions. A Host Ethernet Adapter is connected directly to the
GX+ bus and offers high throughput and low latency.

Logical partitions connect directly to Host Ethernet Adapters and can access external networks
through the Host Ethernet Adapter without going through a Shared Ethernet Adapter (SEA) or
another logical partition.

Figure 5.5.3 demonstrates the network hierarchy for logica partitions that communicate to an
external network through a Host Ethernet Adapter

Host
LPAR A LPAR B LPAR C
@ @ @
Application |5 Application |35 Application |5
Socket Layer Socket Layer Socket Layer
’g TCP/UDP Layer g TCP/UDP Layer ’g TCP/UDP Layer
:53) IP Layer g :/6) IP Layer g :53) IP Layer g
X hv% h%
Demux/IF Layer Demux/IF Layer Demux/IF Layer
Device Driver Device Driver Device Driver
Virtual Adapter Virtual Adapter Virtual Adapter
Host Ethernet Adapter (HEA)
Hardware '-I'g_')'l_‘
2
i
Switch, Router,
Point-2-Point
Figure 5.5.4 Host Ethernet Adapter
5.6 Softwar e Performance

Many performance issues can be traced back to application development approaches that deviate
from best practice. While adetailed discussion of such best practices lies outside the scope of
this document, generally speaking, application development best practices can be grouped into
the following categories: employ up-to-date software; when compiling C/C++/Fortran
applications, use at least -O optimization; employ Power-specific and AlX-specific
optimizations; and adopt arigorous testing discipline. Each of these istreated in additiona detall
bel ow.

5.6.1 Employ up-to-date software

In general, recent versions of IBM software better exploit the features of more recent Power
systems, and thusit is advantageous to employ the most up-to-date IBM software whenever
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possible. The converse of thisisthat older versions of IBM software generally do not exploit the
advanced features of recent Power systems, and when those older versions are used, aless-than-
optimal customer performance experience often results. An example of thisisAIX Version 5.3,
which only supportstwo SMT threads per core. When AIX 5.3 isrun on a Power7 system, two
threads per core are disabled, and performance may be impacted as aresult. A complete list of
the most recent versions of the spectrum of software products is beyond listing here, but here are
some general guidelines:

* Applications should always be developed on A1X 5.3 or newer versions of AlX.
Deployment of applications on Power7 should be on the latest technology level/service pack of
AIX V6 or V7, and should never be on an AIX 6.1 technology level older than TL5.

e  When using the IBM XL C/C++ compilers, V10 or V11 should be used. Power7 exploitation
was introduced in V11. V9 of the compiler is scheduled to be withdrawn from support on
September 30, 2012. V8 or older versions of the compiler have been withdrawn from support
and should not be used.

e Versons of Javaincluding JDK6 SR7, or newer, should be used, as those versions exploit
Power7. Power7 exploitation was introduced into WebSphere Application Server with V7,
however, additiona optimizationsin V8 make that the preferred choice. WebSphere Application
Server V6 or older versions do not contain Power7 exploitations and should be considered
candidates for upgrade on Power7 deployments.

5.6.2 Compiler Optimization

When compiling C/C++ applications, use at least -O optimization. The XL compilers provide a
plethora of optionsto control the degree of optimization of the generated machine code.
However, one simple rule is sufficient to provide a reasonable level of optimization for most
applications: Use at least the -O optimization flag. Following this rule should be a paramount
consideration for application devel opers, as the difference between not using any optimization
flag, and using the -O flag, islarge -- up to a 10x performance increase in application
performance can be observed when -O optimization is employed.

5.6.3 Platform specific optimization

Employ Power-specific and AlX-specific optimizations. The Power architecture and AIX
include specific optimizations that are not available on other platforms or operating systems.
One Power-specific feature that frequently yields a performance increase is the utilization of
64K B hardware pages. In the category of AlX-specific optimizations, multi-threaded
applications (i.e. applications where a process includes many software threads) and that utilize
the 'malloc’ memory allocator should eva uate using the multi-heap malloc option.

5.6.4 Software testing

Employ arigorous testing methodology utilizing the most current technology. Whereas
exploitation of specific Power and AIX features usually has a beneficia impact on performance,
it's also the case that advancements in Power technology can expose latent application-level
performance issues that did not surface on previous generations of technology. For example, the
doubling of the number of SMT threads on Power7 (from two on Power6 to four on Power7)
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doubles the number of application threads that can run simultaneously. While this usually
provides an improvement in performance, it can also alow the application to run at a higher
degree of "scal€" than was previously tested, and this, in turn, may expose scalability issuesin
the application. For thisreason, it is advisable to do performance and scal ability testing on the
latest available Power technology, and on systems that are of the scale than can cover customer
deployments.

5.7 Performance Metrics
5.7.1 System Components Performance Metrics

In addition to the metrics reported by performance benchmarks, the performance of computer
systems is mainly measured through the use of analysis tools. The following represents a high
level overview of the main performance metrics for various system components:

 CPU
*  Qpuser, %system, %idle, and Y%wait
* Physical Consumed, Entitlement
* Number of context switches, interrupts, and system calls
* Length of the run queue
e Lock contention
* Memory
e Virtual memory paging statistics
* Paging rate of computational pages
* Paging rate of file pages
* Page replacement page scanning and freeing statistics
* Addresstrandation faults
e Cache missrates
* Diskl/O
* Amount of data read/written per second (KB, MB, or GB per second)
* Transactions per second
* Elapsed timefor I/O to complete
*  Queuing time
* Network 1/0
* Amount of datatransmitted/received per second (KB or MB per second)
* Number of packets transmitted/received per second
* Network CPU utilization
* Network memory utilization
* Network statistics, errors, retransmissions
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6 Performance Analysis and Tuning Process

6.1 Introduction

This chapter covers performance analysis and tuning process from a high level point of view. Its
purpose is to provide a guideline and best practice on how to address performance problems
using atop down approach.

6.1.1 Performance monitoring before a problem occurs

Application performance should be recorded using log files, batch run times or other objective
measurements. General system performance should be recorded, and should include as many
components of the environment as possible.

Performance statistics should be collected based on the typical period of activity in your
environment. The minimum period should be considered one week in an interactive system, as
typical performance may vary based upon the day of the week. A batch processing system that
typically runslarge end of month reports should consider a month as the minimum period. Data
should be collected and stored over multiple periods to alow for comparison.

Performance monitoring of the environment provides many benefits. The application
performance will provide a useful method of quantifying the performance change. A history of
acceptable system performance will focus analysis on changed components. Also, continual
review of performance monitoring will show trends in performance and capacity before they
become system wide problems.

6.2 Defining a Performance Problem (What isdow?)

Before collecting any data or making tuning or configuration changes, define what exactly is
slow. A clear definition about what aspect is slow usually helps to shorten the amount of timeiit
takes to resolve a performance problem since a performance analyst gets a better understanding
what datato collect and what to look for in the data.

A good way to define a performance problem isto answer questions like:
* Iseverything slow or just a specific task?

* What application log file demonstrates the performance problem?

e Isit only slow when run remotely but fast running locally?

* Isitslow for everyone or just for asingle user?

e and many more gquestions

Please refer to section “ Questions that help IBM diagnose the problem” in chapter 9 of this
document for alist of questions asked to define a performance problem.
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6.3 Top-down Performance Analysis

After defining the performance problem, the next step is to collect performance data to start with
the analysis. There are many performance data collection tools available that are useful to
determine the cause of a performance problem. However, thereis not asingle tool available that
would cover al aspects of computer performance.

For example, atypical system performance monitoring tool provides information about CPU
utilization, memory usage, disk utilization and network throughput; however it usually does not
provide detailed application specific information.

For most cases, application performance issues are most efficiently being addressed by using a
top-down approach. The performance analysis using a top-down approach starts at the place the
performance problem surfaced, which typically is the application, and walks its way down
through the lower layers towards the hardware.

Top-down approach layers:

1. Application including middieware and libraries
2. System

3. System Components and Kernel

6.3.1 Application

Many applications and middleware provide logging or tracing facilities that are useful to
determineif a performance problem is caused by something within the application, the operating
system or both.

For example, some databases provide performance reports with information about the overall
efficiency, such as database cache hit ratio, most frequent events within the database or even
detailed information about individual queries. Thisinformation is useful to determine whether a
database query was running slow due to an issue within the database itself or due to system
resource bottleneck.

If available, an application logging or tracing facility should be utilized first to determineif the
probable cause of the performance problem lies within the application or if further analysis of the
systemisrequired.

For applications without logging or tracing facilities, system performance analysis can help to
determine the cause of an application performance problem. However, it should be understood
that system performance analysis without any information about what system resource, if any, an
application iswaiting on, mainly is an approach to determine system resource bottlenecks.
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When analysis of the application is not performed, further analysis of system performance may
reduce system resource bottlenecks. However, thisis not optimal and will not directly address all
bottlenecks with the application.

6.3.2 System

The goal of a system performance analysisis to identify resource bottlenecks that have a
negative impact on system and/or application performance. If a problem iswell defined, for
example ‘reads from the FC connected storage server take along time to complete”, the initial
analysis can concentrate on those system resources that can have a direct impact.

System performance analysis is done through monitoring system resources and performance
counters that are maintained by the operating system. Al X provides avariety of performance
monitoring tools that are useful to determine system resource bottlenecks. Typical system
resources to look at are CPU, memory, disk and network.

When a system resource bottleneck has been identified performance tuning or adding resources
to the system might solve the problem. A good example of adding resourcesto solve a
performance problem is to increase the amount of real memory when paging to paging space has
been identified to be caused by ‘over committed’ memory, i.e., the amount of active virtua
memory exceeds the amount of real memory.

6.3.3 System Components and Kernel

While performance monitoring tools work well to determine performance bottlenecks they often
only show the symptom but not the root cause of a performance problem. Performance problems
can occur where adding resources or changing tunabl e settings does not solve the problem and in
some cases makes it even worse.

For example, the system shows a high CPU utilization due to lock contention. Adding more
CPUs can further slow down the system because each additional CPU might compete for the
same lock.

When a performance problem cannot be solved by tuning or adding resources, or when the root
cause needs to be identified prior to any change, system components and kernel needs to be
analyzed. AlX provides atrace facility that allows tracing of selected system events such as
kernel routines, kernel extensions, interrupt handlers, etc.
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6.3.4 Top down performance analysis flow chart
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7 Performance AnalysisHow-To

7.1 Introduction

This chapter is intended to provide information and guidelines on how to address common
performance problems seen in the field, as well as tuning recommendations for certain areas.

Please note that this chapter is not intended to explain the usage of commands or to explain how
to interpret their output.

e How to tune VMM page replacement to reduce paging

* How to address CPU bottlenecks using tprof

* How to address paging issue

* How to address NFS sequential read/write performance problems

* How to migrate from cached database environment to concurrent 1/0
* How to tune TCP/IP for Superpacket 1B interface

7.2 How to tune VMM page replacement to reduce paging

Paging is one of the most common reasons for performance problems. Paging means that
computational pages are ‘stolen’ by the VMM page replacement al gorithm to free memory and
written out to the system paging space.

The following VMM page replacement tunabl e settings will allow the system to use up to 90%
of itsreal memory for file caching but favors computational pages over file pages. Page
replacement may steal computational pages once the percentage of computational pagesin
memory exceeds 97%; i.e. 100% - minperm%.

AlIX 5.3 defaults AIX 5.3 recommended values and
AlX 6.1/7.1 defaults

m npernto = 20 m npernto = 3

maxper nto = 80 maxper nY% = 90

maxclient% = 80 maxclient% = 90

strict_maxperm= 0 strict_maxperm= 0

strict_maxclient =1 strict_maxclient =1

[ru file repage =1 lru file repage = 0

page_steal _method = 0 page_steal nmethod = 1*

* Changing the page_steal _method is an optional tuning for systemsthat are utilizing only a
small percentage of their memory for file caching.

Note: the values for the above listed tunables became the defaults as of Al1X 6.1.

Refer to chapter 8.5 on How to address paging issues.
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7.3 How to address CPU bottlenecks using tprof

While many performance monitoring commands report the CPU utilization as user, kernel, idle,
and wait time, they usually do not provide much information on who is consuming CPU time and
where the CPU timeis spent in. The kernel trace based tprof command can be used to get this
level of detail.

The following flow chart is a guideline on what actions to take based on the CPU usage
information reported from the tprof command:

System is CPU bound

A 4

Action

Collect tprof data to determine
who’s consuming CPU and
where the time is being used,
i.e. in kernel space, user space,
shared libraries

Action

Is the majority
of CPU time in Investigate application; contact
user? Yes application owner if needed

A 4

No
Action
Is the mgjorit'y .| Determine in what libraries CPU time is
of CPU time in spent in and what applications are
shared? Yes using them; contact application owner
No
Action

Is the majority
of CPU time in Investigate Java application; contact
Java? Yes application owner if needed

A 4

No

Action

Determine the kernel
subroutines that show a high
percentage of CPU time;

Contact AlX support if
assistance for further analysis is
needed
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7.4 How to address paging issues

The following flow chart isintended to provide a high level best practice guideline on how to
address paging issueson AI1X 5.3, 6.1 and 7.1.

System is paging

Action
Memory over - -
committed? » Determine who's using the memory, add
Yes memory or reduce memory usage

No

AlIX 6.1 or
newer?

Yes

No Default VMM

tuning?

Action

Apply recommended tuning:
minperm% = 3

maxperm% = 90
maxclient% = 90 Action
Iru_file_repage =0

A

Reset to defaults

A

Action

Check for WLM memory

Is the system regulation and for known issues
still paging? causing paging; apply

Yes development recommended
workaround if applicable

h 4

No

Is the system
still paging?

No further action

—
A

No

Action

Contact AlX Support
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7.4.1 What's causing paging?

System memory is over committed, i.e.,

e theamount of active virtual memory (avm in vmstat, virtua in svmon -G) exceeds the
amount of real memory

» the percentage active virtua memory exceeds 100% - minperm%

The percentage of memory used for file caching is between the minimum and maximum
thresholds and LRU uses repage ratio for computational pages and file pages to decide what
pages to steal:

e JFS: numperm is between minperm% and maxperm%
* JFS2, NFS: numclient is between minperm% and maxclient%
WLM classes reach their hard memory limit

Files opened with the deferred update flag O_DEFER will be written to paging space instead
of being written back to the file system.

List-based LRU will steal computationa pages when it detects memory starvation

Legacy: system isrunning out of free pages for an extended period of time on system with
JFSfile systems
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7.5 How to address NFS sequential read/write perfor mance problems

NFS client reads/writes slow

Action
System is CPU
bound? »| Follow ‘How to analyze CPU bottlenecks’
Yes instructions
No
Action
System is —
paging? » Follow ‘How to address paging issues’
Yes instructions
No
AIX 6.17?
Yes
No
Default NFS
Action tuning?
Apply recommended tuning:
- increase number of biod
daemons to 32 v Yes
- enable RFC 1323 .
- increase RPC size to 64KB for Action
TEH L Reset to defaults
Y
A
Reads/writes Action
still slow? »
Yes Contact AIX subnort

No

No further action
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7.5.1 What is causing slow NF S sequential read/write performance?

It isimportant to keep in mind that there are multiple hardware and software components
between an application on an NFS client seeing “slow” NFS sequential read/write performance
and the storage subsystem on the NFS server where the data being read/written resides. What
may seem like a problem caused by poor NFS tuning might instead be due to a configuration or
tuningissue at: (1) the TCP/IP layer, (2) physica network layer, (3) the storage subsystem
connected to the NFS server. Therefore, some problems to look for to identify those components
as the potential cause, or to rule them out, include: (1) dropped packets on the network, (2)
errors on the storage subsystem or SAN.

7.6 How to migrate from cached file system to concurrent 1/0

For many database workloads, using concurrent /O instead of cached file system resultsin better
performance due to a shorter path length and the ability for the database application to make
multiple updates to the database files concurrently.

However, acommon pitfall when moving from cached file system to concurrent I/Oina
database environment is that the impact of the cache hit ratio of the database cache together with
the file system cache hit ratio is often underestimated. Database jobs that benefited from finding
datain the database cache and the file system cache might run slower after moving to concurrent
I/O due to the missing file system cache.

The purpose of this section isto explain the reason for getting worse performance when moving
from cached file system to concurrent I/O and provide a guideline on how to prevent to run into
this pitfall.

7.6.1 Effective Cache Hit Ratio

Databases running on cached file system are effectively using two caches. One cache isthe
database internal data cache and the other is the file system cache which contributes to the
overall, or effective, cache hit ratio.

The cache hit ratio of a database is the percentage of logical reads that are satisfied by data that
already in the database cache. A higher cache hit ratio usually resultsin better performance
(there are exception to this, which are not covered by this section). The percentage of logical
reads that are not satisfied with data in the cache has to be read from the operation system. A
database typically reports those reads as physical reads.

Physical reads from a database using cached file system may or may not result in physical reads
from the storage device. No physical 1/0 will occur if the read can be satisfied with datathat is
already in the file system cache. Datathat is not cached or partially cached will result in a
physical read. The more data is cached in the file system cache the fewer physical read will occur
and as aresult, the cache hit ratio of the database cache become less important since the dataisin
memory anyway.
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Physical reads from a database using raw logical volumes, raw disks or concurrent I/O always
result in physical reads from the storage device since none of the datais cached in memory;
therefore the database cache hit ratio becomes more important.

The following figure represents an example of the effective cache hit ratio for a database
environment using cached file system.

In this simplified exampl e, the database reports 1,000,000 logical reads and a DB cache hit ratio
of 95%; about 50,000 reads are physical reads from the file system. Out of the 50,000 “physica”
reads from the database, 50% are satisfied from data aready in the file cache and don’t require
any physical reads from the storage device. The remaining 50% that are not cached result in
25,000 physical reads from the storage device. Thus the file system cache contributes with 2.5%
to the effective cache hit ratio which is 97.5% in this example.

Storage

1,000,000 logical reads 50,000 file system reads 25,000 physical reads
DB Cache Hit: 95% |::> FS Cache Hit: 50% |::>

Effective Cache Hit: 97.5%

With an average read response time of 10 milliseconds from the storage device, the database
would report 5 milliseconds the average response time for physical reads since half the number
of physical readsis satisfied from the file system cache.

The following figure shows the impact on the effective cache hit ratio when moving from cached
file system to concurrent 1/O.
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Database
Cache

Storage

1,000,000 logical reads 50,000 physical reads
DB Cache Hit: 95% |:>

Effective Cache Hit: 95%

The effective cache hit ratio now is equal to the DB cache hit ratio since al physica reads from
the database result in physical reads from the storage device.

The database now reports an average physical read response time of 10 milliseconds instead of 5
milliseconds which is misleading since the physical read response time from the storage device
didn’t change.

7.6.2 How to determine the effective cache hit ratio

The most accurate method to determine the percentage of database physical reads from the file
systems s satisfied from data already in the file system cache would be through tracing the
kernel. However, this method is time intensive and requires deep knowledge in kernel trace
performance analysis.

An easier method but less accurate isto compare the number of physical reads reported by the
database with the number of physical reads on the storages devices on which the database data
files are located.

For example, if the database reports 10,000 physical reads and the storage devices shows 5,000
physical reads.

Asarule of thumb, the closer the average physical read size on the storage devicesisto the
database record size, the more accurate the result.

7.6.3 How to avoid the pitfall

The way to avoid this pitfall isto increase the amount of memory available to the database for
caching to the point that the database cache hit ratio is equal (or better) to the effective cache hit
ratio of database and file system cache.
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The AIX filemon command can be useful to estimate the amount of additional memory that is
needed by determining how much of the file cache is used for database files. When using filemon
it isimportant that the datais collected during typical workload activity.

7.7How totune TCP/IP for Superpacket IB interface

With the release of AIX 5.3 TL8 and AIX 6.1 TL1 versions of AIX weintroduced anew AlX IP
driver for Infiniband adapters. This driver improves the bandwidth performance of TCP/IP over
both the Single Data Rate (SDR) and Double Data Rate (DDR) class adapters. Along with the
Superpacket driver we extended the High Performance Switch global interface mlO to include 1B
adapters. The global interface is similar to Etherchannel where is uses multiple links of 1B
through a single interface. Along with these improvements come new tuning guidelines to
achieve peak performance.

7.7.1 Recommended feature usage based on machine type

With thisrelease there is anew mode in the IP driver for Infiniband. This mode, called
Superpacket mode, improves the bandwidth for large data transfers using | P. There are also
additional performance gains for larger machines from turning on the threads setting for the
interfaces. The following are recommendations on what settings to use depending on
configuration of the machine or LPAR you are using.

Setting Up to physical 8 CPUs | Greater than 8 physical CPUs
Superpacket On On
Threads Off On

To turn on Superpackets for each interface used, run the following command:

chdev -1 ibx -a superpacket=on

Then do amkdev to make the interface pick up the changes

nkdev -1 i bx
where x in ibx is the interface number (ib0, ib1......)

The Superpacket setting is preserved across reboots so only has to be done once.

To add threads to an interface use the following command:

ifconfig ibx thread
where x in ibx is the interface number (ib0, ib1......)
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The thread setting is not preserved across reboots so has to be run again after areboot.

1. To get Superpacket performance al nodes being used have to be set for Superpacket mode.

2. If one node is Superpacket and the other one is not you will get 1PolB-UD (IP over
Infiniband - Unreliable Datagram) performance which is much slower.

3. Superpacket modeisonly available on AlX and will not be used communicating to non-AlX
systems over IB.

7.7.2 Tuning for best MTU size of the I B interfaces

Y ou should not have to set the MTU of the Infiniband interfaces on most systems. Changing the
MTU vaue from the default settings can have unexpected consequences so it is not
recommended except for the most advanced user.

When the Infiniband interface isinitially configured, it queries the IB switch to get the MTU size
to use. For al SDR adaptersit will be 2048. For the DDR adapters, if the switch is set to 4K
MTU and you specify the 4K MTU multicast group p_key on, you will get aMTU of 4096. If
the switch isnot set to 4K MTU or you did not specify the 4K MTU multicast group p_key on,
you will get aMTU of 2048.

When you turn on superpackets (described earlier), the MTU of the Infiniband interfaces should
automatically change to 65532. Thiswill give the best bandwidth for most situations. If you
change the MTU setting on the Infiniband interfaces, the Superpacket MTU setting will use this
new MTU.

7.7.3 Configuring ml0 to match the performance tuning on I B interfaces

When using the mlO global interface across multiple Infiniband interfaces your will need to
manually set the network options to match the expected settings for the ibx interfaces. The no
settings you need to set should be:

Non-Superpacket
rfcl323=1
tcp_sendspace=262144
tcp_recvspace=262144

Superpackets
rfcl323=1
tcp_sendspace=524288
tcp_recvspace=524288

These setting changes can be made through no or the nextboot tuning facility. Consult the AIX
performance management tuning documentation for more information.
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8 Frequently Asked Questions

8.1 Introduction
This chapter covers frequently asked questions from the field.

8.2 General Questions
8.2.1 What are the general performance tuning recommendations for best Al X performance?
There is no such thing as ageneral performance tuning recommendation.

8.2.21 heard that... should | change...?

No, never apply any tuning changes based on information from unofficial channels. Changing
performance tunabl es should be done based on performance analysis or sizing anticipation.

8.2.31 found a three year old best practice paper on the web, isit still valid?

Probably not... Most of the best practice papers and recommendations are written for the versions
of the applications and operating system that were current at the time the paper is written.
Updates or newer versions of the applications and/or operating system often introduce changes
and improvements that requires different, sometime less, tuning.

Please contact the author and/or the application and operating system to obtain the latest best
practi ce recommendations.

8.2.4 Why don't | seeall tunableson Al X 6.1?

AIX 6.1 introduces the concept of restricted tunables. Restricted tunables are tunables which
should not be changed unless recommended by AIX development or AIX development support.
The tuning commands, like vmo, do not show restricted tunables by default. To show all tunables
add the -F flag to the tuning command.

Note: changing arestricted tunable permanently requires a confirmation and will be shown as an
informational error log entry at system boot time.

8.2.5 Do | need to recompile my application to get good performance on a new platform?

For some applications, there may be gains from exploiting either more aggressive options in the
existing compiler or moving to a more recent version of the compiler. For example, on the
existing compiler, gains may result if acompilation is able to specify a narrower range of target
processors (-garch, -gtune), request higher optimization levels (e.g. -O3 vs. -O2), inlining some
key routines, or refine aliasing information.

8.3 CPU Questions
8.3.1 What is /O wait?

It's acommon misunderstanding that 1/0 wait isthe time a CPU iswaiting for physical 1/0 to
complete. The redlity isthat I/0O wait is nothing more then CPU idle time during which physical
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I/Oto alocal disk or remotely mounted disk (NFS) was outstanding and the CPU is il
available for computational work. A high percentage of 1/0 wait time does not indicate a
performance problem without further 1/O statistics indicating a problem.

8.3.2Why aren’t all CPUs evenly being used on a shared micro partition?

On AIX 5.3 and | ater, the kernel scheduler dynamically increases and decreases the number of
virtual processors based on the physical utilization of a shared micro partition. Increasing or
decreasing the number of processorsis also known as processor folding and is done by Virtual
Processor M anagement.

For more information on Virtual Processor Management refer to the Performance Management
Guide at:

http://pic.dhe.ibm.com/infocenter/aix/v7r1l/index.jsp?topi c=%2Fcom.ibm.ai x.prftungd%2Fdoc%
2Fprftungd%2Fvirtual proc mngmnt part.htm

8.4 Memory Questions
8.4.1 How to tune VMM page replacement to reduce paging?
Please refer to chapter 8.2 How to tune VMM page replacement to reduce paging

8.4.2 When should | enable page_steal method?

A good indication of when to enable page steal method is when performance monitoring tools
like vmstat report a high scanned to freed ratio (sr/fr in vmstat). A high scanned to freed ratio
typically occurs when only asmall percentage of the real memory is being used for file caching.

Enabling page_steal _method requires a system reboot and therefore recommended to be enabled
during aregular schedul ed maintenance window.

Note: The page_steal _method is enabled by default on AIX 6.1.

8.4.3 What formula should | use to calculate minfree and maxfree?

There are severa legacy formulasto calculate the values for minfree and maxfree based on the
number of CPUs and the page read ahead tuning for the file systems. These formulas originate
from the time prior AIX 5.3 which introduced new default values for minfree and maxfree.

The defaults for minfree and maxfreein AlX 5.3 and later are sufficient for most of the
workloads and should only be changed in the case that a system is running low on free pages (fre
column in vmstat).

When increasing minfree and maxfreeis required to prevent alow freelist, both tunables should
be increased by the same value.
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Note: It is not recommended changing minfree and maxfree to lower values than their default.

8.4.4 Memory pools are unbalanced; should memory affinity be turned off?

No. Memory affinity should not be disabled on systems that are on AlIX 5.3 with bos.mp or
bos.mp64 5.3.0.41 or later. Disabling memory affinity can introduce other performance problems
sinceit aso turns off other features that are important to performance.

Note: The sizes of the individual memory pools are derived from the information the Hypervisor
provides AIX at boot time and cannot be altered explicitly.

8.4.5 Does ‘avm’ in vmstat indicate “ available memory” ?
No, avm in vmstat is the number of active virtual pages.

8.4.6 Why is my free memory so low?

One reason for low free memory is that memory is overcommitted, i.e. the amount of
computational pages exceeds the amount of real memory available. This can be determined
through Isps, and vmstat. A more common reason for low free memory isthat AIX allocates
pages from real memory for file pages until the amount of free memory goes below the minfree
threshold at which page replacement gets started. This allows for caching of filesystem
information, and is a performance benefit.

8.4.7 Should | pin my database memory using v_pinshm?

No. The appropriate and recommended way to assure that database memory is not being paged
out to paging space is to follow the steps outlined in Section 8.2 recommended VMM page
replacement tuning.

The potential risk involved by enabling v_pinshm is that the system runs short on memory pages
and either hangs or crashes.

Exception: Large (16MB) and huge (16GB) pages require v_pinshm set to 1.

8.5 Disk I/0 Questions
8.5.1 What isthe recommended queue_depth for disks?

The queue_depth is an attribute of the disk or storage subsystem. Its possible values are
exclusively defined by disk or storage device.

Please refer to the storage vendor for appropriate values for the queue_depth.

AlX on Power - Performance FAQ Page 60



IBM STG Cross Platform Systems Performance

8.5.2 What isthe recommended num_cmd_elemsfor FC adapters?

The num_cmd_elems attribute for Fiber Channel adapters defines the maximum number of
commands that can be queued to the adapter. The maximum number of commands depends on
the storage sub-system and should be set according to the storage vendors recommended val ues.

8.5.3Howtotune AlO on Al X 6.1?

AlX 6.1 has anew implementation of the A1O kernel extension which does not require any
tuning for most workloads.

Note: It is not possible to apply AlX 5.3 tuning to the new AlO kernel extension since the ao0
device no longer exists.

8.5.4Howdo | enable AIO on AIX 6.1?
AlO on AlX 6.1 isenabled by default but not shown as active until used.

8.5.5 What are good values for thefile I/0 pacing tunables minpout and maxpout?

In genera, there are no good values for minpout and maxpout that would apply for all
environments or workloads. Too small values could have a negative impact on file1/O
performance and too high values don’t serve the purpose of throttling the file 1/0 throughpui.

If you decide to change the default values for minpout and maxpout please refer to the Disk 1/0
pacing section of the Performance Management Guide for good starting val ues:

http://pic.dhe.ibm.com/infocenter/aix/v7rl/index.jsp?topic=/com.ibm.ai x.prftungd/doc/prftungd/
disk io pacing.htm

8.5.6 Does Cl O always resultsin better database performance?
No. Please refer to 8.7 How to migrate from cached file system to concurrent 0.

8.6 Network Questions
8.6.1 What are the recommended values for rfc1323, tcp_sendspace, and tcp_recvspace?

The TCP protocol has only a 16-bit value for the window size. In order to take advantage of a
recelverstcp_recvspace value greater than 65536, you have to enable TCP window scaling.
RFC1323 enables TCP window scaling so that the 16 bit value can be scaled up by powers of
two to allow larger window size. That allows TCP to have more packets outstanding to fill either
long latency network or higher speed networks. So anytime the tcp_recvspaceis larger than
64K, you need RFC1323 enabled. For slower speed networks (like 10 or 100 Mbit Ethernet) its
best not to enable this as it does add another 12 bytes to the TCP protocol header which takes
away from user payload.

The recommended values for rfc1323, tcp_sendspace, and tcp_recvspace are the default values
that are set through the interface specific network options, ISNO. The default values are set
based on interface type and its configuration.
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To display the interface specific network options for a specific interface run:
ifconfig <interface_name>

The Performance Management Guide has more information on the interface specific network
options:

pic.dhe.ibm.com/infocenter/aix/v7rl/index.jsp?topi c=/com.ibm.aix.prftungd/doc/prftungd/interfa
ce network opts.htm

8.6.2 When should | change rfc1323, tcp_sendspace, and tcp_recvspace?

The default values for rfc1323, tcp_sendspace, and tcp_recvspace set through interface specific
network options are sufficient to get good network throughput performance for most
environments. Changing their values to improve throughput performanceis only required for
connections with high latency. High latency typically occurs on wide area network connections.

Please note that using too large values for tcp_sendspace and tcp_recvspace can lead to a
situation that network devices, such as switches, gets overrun and loses packets.

8.6.3 | want to change the rfc1323, tcp_sendspace and tcp_recvspace for multiple network
interfaces; should I change them globally with the no command and turn off use_isno?

It is not recommended turning off use_isno for that purpose. Changes to network tunables that
are available through interface specific network options should be changed for specific interfaces
only. Permanent changes can be applied with chdev and dynamic changes with ifconfig.

8.6.4 What are dog threads?

Dog threads are dedicated kernel threads for network interfaces. When enabled for a network
interface, al incoming packet will be queued to akernel thread after the initial processing within
the interrupt from the network device.

Enabling dog threads can improve throughput when a high speed network adapter bottlenecks on
asingle CPU. Enabling dog threads increases CPU utilization due to the dispatching overhead
for the kernel threads and the additional queuing.

8.6.5 When should | enable dog threads for a network interface?

Most of the modern machines don’t need dog threads enabled for high speed adapters up through
gigabit adapter speed. Recelve intensive workloads on very high speed network adapters, like 10

gigabit Ethernet or InfiniBand, can improve the receive throughput on systems that have multiple
CPUs.

Useifconfig to enable dog threads dynamically or chdev to enable dog threads permanently. For
more detailed information refer to the Performance Management Guide at:

pic.dhe.ibm.com/infocenter/aix/v7rl/index.jsp?topi c=/com.ibm.aix.prftungd/doc/prftungd/enable
thread usage lan adapters.htm
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Using dog threads on large partitions:

With the large number of CPU hardware threads, the incoming packet workload can be spread
(hashed) out to too many dog threads and that can limit the performance gains.

For example on a 32 thread CPU LPAR, you could limit the number of dog threads to 4 by doing
"no -0 ndogthreads= 4" (or add the -r option to enable on next reboot).

8.6.6 When should | enablelink level flow control?

Link level flow control is a point-to-point protocol between two network devices; for example an
AIX Ethernet adapter and a network switch. By default, AIX haslink level flow control enabled
for most of the supported network devices.

Note: Some network switches don’t have link level flow control enabled by default.

8.6.7 What are checksum offload and large send?

High speed network adapters, like gigabit and 10 gigabit Ethernet, can compute the TCP
checksum (checksum offload) for transmitting and receiving packets. Offloading the checksum
computation reduces the CPU utilization on the host.

Large send allows the host to send TCP messages up to 64KB to the network adapter which re-
segments the packet to MTU sized packets, computes their checksum and transmits them. It
typically reduces the sending CPU utilization in half and can provide a significant performance
improvement for 10 GigE Ethernet.

For more detailed information refer to the Performance Management Guide:
Checksum offload

pic.dhe.ibm.com/infocenter/aix/v7rl/index.jsp?topic=/com.ibm.aix.prftungd/doc/prftungd/tcp ch
ecksum offload.htm

Large send

pic.dhe.ibm.com/infocenter/aix/v7rl/index.jsp?topic=/com.ibm.aix.prftungd/doc/prftungd/tcp la
rge send offload.htm

8.6.8 When should | disable checksum offload and large send?

Checksum offload and large send should be disabled for debug purpose only when problem
determination or performance anaysis requires tracing of the IP/TCP layer.

There is one exception for large send. In rare cases large send can lead to a Situation where a
switch becomes saturated due to the high rate at which large packets are transmitted.
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8.6.9 How can | improve the loopback performance?

TCP fast loopback option provides improved loopback performance by bypassing the TCP/IP
stack and 100 loopback driver and allows a shorter socket-to-socket path for improved
performance. Thisis transparent to the application program as it uses the norma TCPF/IP
(AF_INET) socketsinterface. This provides performance just slightly slower than AF_UNIX
sockets, but without making any source code changes. Performance gains vary by workload but
can be quite large and will aso be more on larger SMP systems.

The TCP fast loopback can be enabled (on the fly for al future connections) by “no -0
tcp_fastlo=1" (or add the -r option to enable on next reboot).

Because the TCP/IP and |00 interface are bypassed (once the connection is established), the
normal netstat -a and netstat -i statistics will not reflect the fast loopback packet traffic.

The TCP fast loopback option can be enabled for workload partitions (WPARS) by “no -0
tcp_fastlo_crosswpar=1" (or add the -r option to enable on next reboot).

AlX on Power - Performance FAQ Page 64



IBM STG Cross Platform Systems Performance

9 POWERY

9.1 Introduction
This chapter covers best practices for POWER7 performance.

9.2 Compatibility Mode

POWERY7 supports partition mobility with POWERG6 and POWERG+ systems by providing
compatibility modes. Partitions running in POWERG6 or POWERG6G+ compatibility mode can run
in ST or SMT2. SMT4 and SIMD double-precision floating-point (V SX) are not availablein
compatibility mode.

9.3 Memory Considerations

Some workloads have memory per core requirements that exceed the amount of memory that a
POWERY7 system supports. The following options are available for workloads that require more
memory per core:

* Active Memory™ Expansion (AME)
* Lower number of cores per socket (6-way POWER7)
e  TurboCore™

9.4 Singlethread versus SMT2/SMT4

Applications that are single process and single threaded may benefit from running in ST mode
while multithreaded and/or multi process applications typically benefit more running in SMT2 or
SMT4 mode. ST mode can be beneficial in the case of amulti process application where the
number of application processesis smaller than the number of cores assigned to the partition.
Applications that do not scale with alarger number of CPUs may also benefit from running in
SMT2 or ST mode instead of SMT4 since lower number of SMT threads means lower number of
logical CPUs.

ST, SMT2 or SMT4 mode can be set through the smtctl command. The default mode is SMT4.

9.5 Adapter Placement

High speed network adapters should be placed following the recommendations of the PCI
Adapter Placement recommendations for the individual POWER7 model.

For detailed information refer to the POWER?Y section of the System Hardware information at:
http://pic.dhe.ibm.com/infocenter/powersys/v3rlm5/index.jsp?topic=/p7hdx/power systems.htm

9.6 Affinitized partitions

The POWERY hypervisor was improved to maximize partition performance through
affinitization. It optimizes the assignment of CPU and memory to partitions based on system
topology. Thisresultsin abalanced configuration when running multiple partitions on a system.
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When a partition gets activated, the hypervisor will allocate CPUs as close as possible to where
allocated memory islocated in order to reduce remote memory access. For shared partitions the
hypervisor assigns a home node domain, the chip where the partition’s memory is located, for
each virtual processor. The hypervisor dispatches the shared partition’s virtual processor(s) to
run on the home node domain whenever possible. If dispatching on the home node domain is not
possible due to physical processor over commitment of the system, the hypervisor will dispatch
the virtual processor temporarily on another chip.

9.7 POWERT7 CPU utilization reporting

Because of the advances with symmetric multiprocessing, legacy tools that display CPU usage
are often no longer accurate. POWERY? introduces an improved reporting of the consumed
capacity of aprocessor. This section explains the differencein CPU utilization reporting between
POWERS5, POWER6 and POWER?.

The figure below illustrates how CPU utilization is reported on POWERS5, POWERG6 and
POWER7. On POWERS5 and POWERSG, when one of the two hardware threadsin SMT2 modeis
busy (TO) while the other oneisidle (T1), the utilization of the processor is 100%. On POWER?,
the utilization of the processor in SMT2 mode is around 69%, providing a better view about how
much capacity is available.

POWERS5/POWERG SMT2 POWER7 SMT2 POWER7 SMT4
TO| busy 100% busy TO| busy ~69% busy TO| busy ~63% busy
T1| ide T1| ide T1| ide

T2| idle

T3| idle

In SMT4 mode, with one hardware thread busy (T0) and the other threeidle (T1, T2, and T3),
the utilization of the processor is around 63%. The processor’s utilization in SMT4 modeisless
than in SMT2 mode since it has more capacity available through the additional two hardware
threads.

9.7.1 CPU utilization example for dedicated LPAR

The following examples demonstrate the CPU utilization for a single threaded program running
in SMT4, SMT2 and ST mode on a dedicated LPAR with two cores.

Thefirst example below demonstrates the CPU utilization, as reported by the sar command,
when running a single threaded application in SMT4 mode:
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Logical CPUO is 100% busy Physical consumed for procO is 63%

System configuration: |¢pu=8 node=Capped

10: 15: 58 cpu otusr %s %ni o % dl e p Q

10: 15:59 0 9 1> 0 0
1 0 0 0 100
2 0 0 0 100 0.12
3 0 0 0 100 0.12
4 0 0 0 99 0.25
5 0 0 0 100 0.25
6 0 0 0 100 0.25
7 0 0 0 100 0.25
- 32 0 0 68 2.00

The exampl e above shows that the single threaded program consumed an entire logical CPU
(cpu0) but not the entire capacity of the processor.

Switching from SMT4 to SMT2 mode reduces the number of hardware threads that are available
to execute code. Thus the consumed capacity when running the same singl e threaded program
will be higher than in SMT4 mode.

The sar output below demonstrates the CPU utilization of the same single threaded program now
running in SMT2 mode:

Logical CPUO is 100% busy Physical consumed for procl is 81%

System configuration: |¢pu=4 node=Capped

10: 18: 35 cpu
10: 18: 36

o o % dl e
0
100
100
100
59

otusr

'~ O
[oloNeNeNe]

The single threaded program is now running on cpuO. Like in the SMT4 example, the program is
consuming an entirelogical CPU but now it is consuming 81% of the processor’s capacity.

Switching to ST mode will cause the single threaded program to consume the entire capacity of a
processor since there are no other hardware threads available to execute code.
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Logical CPUYO0 is 100% busy

System configuration: l/cpu=2 node=Capped

10: 22: 02 cpu Qusr %\ o % dl e

10: 22: 03 O 0 0
4 0 100
- 50 0 0 50

Note: Switching modes from SMT4 to SMT2 and SMT2 to ST were done dynamicaly with
smtctl for the examples above.

9.7.2 CPU utilization example for shared LPAR

The following examples demonstrate the CPU utilization for a single threaded program running
in SMT4, SMT2 and ST mode on a dedicated LPAR with two virtua processors and an entitled
capacity of 2.0.

Thefirst example below is running the same workload as in the dedicated examples. It
demonstrates the CPU utilization, as reported by the sar command, when running asingle
threaded application in SM T4 mode:

Logical CPUO is 100% busy Physical consumed for procO is 63%

System configuration: |fcpu=8 ent=2. 00 node=Uncapped

10: 43: 15 cpu Qusr Us %\ o % dl e %ent c
10: 43:16 0 <IN 0 31.7
1 0 0 0 100 0. 6.1
2 0 0 0 100 0.12 6.1
3 0 0 0 100 0.12 6.1
4 17 34 0 48 0.00 0.1
5 0 1 0 99 0.00 0.1
6 0 1 0 99 0.00 0.1
7 0 3 0 97 0.00 0.1
U - - 0 50 0.99 49.7
- 32 0 0 68 1.01 50. 3

The exampl e above shows that the single threaded program consumed an entire POWER7 SMT
thread (logical CPU 0). The percentage entitlement consumed for this core was 50, with 31.7%
for logical CPU 0 and 6.1% for CPU 1 to 3. This means that the LPAR received 100% capacity
of a POWERY core from the hypervisor; however, the workload utilized only one of the four
SMT threads.

The sar output below demonstrates the CPU utilization of the same single threaded program after
switching from SMT4 to SMT2 mode:
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Logical CPUO is 100% busy Physical consumed for procl is 81%

System configuration: Ilfcpu=4 ent=2. 00 node=Uncapped

10: 44: 14 cpu otusr %ni o % dl e %ent c
10:44:15 O 0 0 40. 6
1 0 100 0- 9.4
4 29 48 0 22 0.00 0.1
5 0 4 0 96 0.00 0.1
u - - 0 50 1.00 49.9
- 40 0 0 59 1.00 50.1

Like in the previous example, the LPAR received 100% capacity of a POWER?7 core but utilizes
only one of thetwo SMT threads.

Switching to ST mode will cause the single threaded program to consume the entire capacity of a
processor since there are no other hardware threads available to execute code.

Logical CPUO0 is 100% busy

System configuration: l|/cpu=2 ent=2.00 npde=Uncapped

10: 44: 47 cpu oausr %ni o % dl e physc %ent c
10:44:48 0 0 0 1.00 50.0
4 0 20 0.00 0.1
u - - 0 50 1.00 49.9
- 50 0 0 50 1.00 50.1

Note: Likein the dedicated examples, switching modes from SMT4 to SMT2 and SMT2to ST
was done dynamically with smtctl for the examples above.

9.8 Al X Scheduling

The AIX scheduler is optimized to provide best raw throughput and response time on POWER7
and POWERT7+ based systems. To achieve this dispatching preferentially utilizes the primary
SMT thread of each core with the net effect of spreading out workload across as many cores as
needed/available.

The following table isasimplified illustration of the SMT scheduling on an LPAR with 8
dedicated POWER7 cores or 8 virtual processors (VCPUs) and a compute i ntensive workload:

# Application threads | SMT scheduling Mode
8 Primary SMT thread of all eight cores ST

16 Primary and secondary SMT threads of all eight cores SMT2
24 Primary, secondary and tertiary SMT threads of al eight cores | SMT4
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32 Primary, secondary and tertiary SMT threads of al eight cores | SMT4

Note: The mode column represents the dynamic SMT mode set through the Intelligent Threads
feature.

The following examples illustrate the workload distribution acrossthe SMT threads when
running eight, 16 or 32 application threads on a partition with 8 virtual processors that are
running in SMT4 mode.

8 Application threads example 16 Application threads exampie 32 Application threads exampile
Agwiication threads are «  Application threacs are «  Apgiication thresds are
dispatched on the primary SMT dispatched on the primary and dispatched on all SMT threads
threads of the eight cores secondary SMT threads

WG e EE v HEEE -
BEEE e EEET <  HEHEE -
WE G e EEE e HEHEE oo
HE s HEDE oo HAHEE oo
HE s HEDD cves HHEE oo
BE(ens HEEE oxs  HAHEE o>
HE e HEDE ovxr  HEEE oo
B o= HEDD cves EEEE oo

| i

Performance Performance Performance
»  Best appication respors: fime «  Worse appication response time »  Worst application respons=2 fime
and best thread throughowt and ey per thread throuwghoet and iowest per thread throughput
Shared partiion wouid report & «  Higher core throughput *  Highest core throughput
physical consumed of B with « Shared partition would repor a »  Shared partition would report a
around 30% idle time physical consumed of 8with physical consumed of 8 with

around 10% idle time around 0% idie time

E] Pritnary ST thread Secondary SMT thread Tertiary SMT thread . busy D idle

Note: Idle time reported for a shared processor partition also depends on its entitled capacity.
The exampl e above assumes an entitled capacity of 8.0 or less and eight virtual processors.

9.8.1 Scaled Throughput Dispatching

AIX 6.1 TL8 and AIX 7.1 TL2 introduce a new scaled throughput Virtual Processor
Management (VPM) feature. This feature has four folding modes that controls on how the
dispatcher places the workload onto the SMT threads of the cores or virtual processors. The
folding mode can be change dynamically through the new schedo tunable
vpm_throughput_mode.
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The default mode (vpm_throughput_mode=0) is raw throughput mode. The dispatching of the
workload in this mode is done as described in the previous section.

The enhanced raw throughput mode (vpm_throughput_mode=1) works similar to the default
mode with the difference that it considersload as well as the utilization in folding decision.
Depending on the workload, running in this mode may show lower physical CPU consumption
than mode O.

In scaled throughput mode SMT2 (vpm_throughput_mode=2) the dispatcher spreads the
workload across the primary and secondary SMT threads of a virtual processor instead of
spreading them across primary SMT threads only. Running in this mode resultsin alower
physica CPU consumption compared to raw or enhanced raw throughput mode.

In scaled throughput mode SMT4 (vpm_throughput_mode=4) the dispatcher spreads the
workload across all four SMT threads of avirtual processor. This mode provides the lowest
physica CPU consumption but also the highest application response time and lowest per
application thread throughput.

The scaled throughput modes, vpm_throughput_mode 2 and 4, are atrade off between physical
CPU consumption and application response time and throughput.

The following example illustrates the concept of raw and scaled throughput modes. In this
example the workload consists of eight compute intensive application threads that are running on
apartition with 12 virtual processors.
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Rawe throughput Scaled throughput / SMT2 Scaled throughput /| SMT4
wpem_theoughput _micse=0 *  vpn_throughput_mode=2 «  vpm_throughput_mode=4
Workioad spresd across primarny «  Workdoad spread across primary «  Worldoad spread across ol SMT
SMT threads and seconday SMT threads threads

d

CPUO-3 - I ][] cruos - | | | EGOEE
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In raw throughput mode (vpm_throughput_mode=0) the eight application threads are spread
across the primary SMT threads of eight virtual processor. This mode provides best application
response time and application throughput. However, it aso has the highest physical CPU
consumption.

In scaled throughput SM T2 mode (vpm_throughput_mode=2) the eight application threads are
spread across the primary and secondary SMT threads of four virtual processors. The physical
CPU consumption is half of the raw throughput mode and per core throughput is higher.
However, application response time will be longer and per application thread throughput will be
lower.

In scaled throughput SM T4 mode (vpm_throughput_mode=4) the application threads are spread
across al SMT threads of the virtual processor. This mode provides the lowest physical CPU
consumption and the highest core throughput but also the worst application response time and
per application thread throughput.

Note: The difference in application response time and throughput as well as the physical CPU
consumption between the raw and scaled throughput mode may vary with the workload.
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9.10 Virtualization Best Practices

This section summarizes the POWER?7 Virtualization Best Practices. For detailed description and

latest updates, please refer to the latest version of the POWER?Y Virtualization Best Practice

Guide at URL.:

https.//www.ibm.com/devel operworks/wikis/downl oad/attachments/53871915/P7_virtualization
bestpractice.docversion=1

9.10.1 Sizing virtual processors

= CEC: the number of virtua processors of an individual LPAR should not exceed the number
of physical coresin the system

= Shared processor pool: the number of virtual processors of an individual LPAR should not
exceed the number of physical coresin the shared processor pool

9.10.2 Entitlement considerations

Best practice for LPAR entitlement would be to set the LPARS entitlement capacity to its
average physical CPU usage and let the peaks addressed by additiona uncapped cycles. For
example, an LPAR running a workload that has an average physical consumed of 3.5 coresand a
peak utilization of 4.5 cores should have 5 virtual processors to handle the peak CPU usage and
an entitlement of 3.5.

9.10.3 Virtual Processor Management

Virtual Processor Management, also known as processor folding, controls how many virtual
processors of an LPAR are enabled for processing. Once a second AlX determines how many
virtual processors are required based on the aggregate CPU utilization. In the case that the
current aggregate CPU utilization is above folding threshold, vpm_fold_threshold, an additional
virtua processor will be enabled. In the case that the aggregate CPU utilization is below the
folding threshold, avirtual processor will be disabled.

Prior to AIX 6.1 TL6 the vpm _fold_threshold represented the core utilization and had a threshold
of 70%. Starting with AIX 6.1 TL6 the vpm_fold_threshold represents the SMT thread
utilization and the new threshold value is 49%. It isimportant to understand that the effective
threshold has not changed.

Note: Changing the vpm_fold_threshold value is not recommended. The vpm_fold_threshold
tunable therefore is arestricted tunable.

9.10.4 Best memory and CPU resource assignment for critical LPARs

A good way to ensure that acritical LPAR get the best resources assigned is to activate the
critical LPAR before activating any other LPAR, including V1O server LPAR(S). In the case that
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the critical LPAR depends on aV10 server LPAR, it will not boot the operating system until the
V10 server has been activated.

PowerVM Firmware 730 introduced support for affinity groups allowing to group LPARSto be
placed within asingle or few domains. Domains depend on the hardware topol ogy.

9.11 Virtual Ethernet Performance

Virtual Ethernet enables IP based communication between logical partitions on the same system
without going through physical Ethernet devices. This section explains tuning methods that can
help to improve the performance over virtual Ethernet.

9.11.1 Sending large data packets through “ largesend”

The largesend feature allows sending large data packets over virtual Ethernet adapters without
breaking up the packets into smaller, MTU size packets

Starting with AIX 6.1 TL7 SP1 and AlX 7.1 SP1 the operating systems that supports the
mtu_bypass attribute for the shared Ethernet adapter provide a persistent way to enable the
largesend feature.

To determine if the operating system supports the mtu_bypass attribute run the following | sattr
command:
| sattr -El enX | grep by_pass

If the mtu_bypass attribute is supported, the above command will return:
n u_bypass of f Enabl e/ Di sabl e | argesend for
virtual Ethernet True

Enable largesend through:
chdev -1 enX -a ntu_bypass=on

If the mtu_bypass attribute isn't available, use the non-persistent method to enable largesend:
ifconfig enX | argesend

Add the above command is arc file to re-enable largesend on reboot.

Regardless of the method used to enable largesend, it is recommended to verify that largesend

actualy is enabled by running:
ifconfig enX

Example output:
en2:
fl ags=1e080863, 4c0<UP, BROADCAST, NOTRAI LERS, RUNNI NG SI MPLEX, MULTI CAST, G
ROUPRT, 64BI T, CHECKSUM OFFLOAD( ACTI VE) , LARGESEND, CHAI N>
inet 192.1.1.2 netrmask Oxffffff00 broadcast 192.1.1.255
tcp_sendspace 262144 tcp_recvspace 262144 rfcl323 1
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Note: largesend needs to be enabled on all client partitions

9.11.2 Virtual Ethernet Adapter Buffers

A virtual Ethernet adapter uses buffers of different sizes for the data communication through
virtual Ethernet. The default number of bufferstypically is sufficient for most environments.
Environments with a heavy network load over virtua Ethernet may experience a buffer shortage
which leads to dropped packets at the Hypervisor level. Dropped packets usually resultsin
packet retransmission and slower network throughput.

The following exampleis the Hypervisor send and receive failure statistic reported by “entstat —d
entX”:

Hypervi sor Send Failures: 0O
Receiver Failures: O
Send Errors: O

Hypervi sor Receive Failures: 0

The Hypervisor increments the “Hypervisor Send Failures’” counter every time it cannot send a
packet due to avirtual Ethernet adapter buffer shortage. It also increments either the “ Receiver
Failure” or the “Send Errors’ counter depending on where the buffer shortage occurred. The
“Receiver Failure’ getsincremented in the case the LPAR to which the packet should be send
had no buffer available to receive the data. The “ Send Error” gets incremented in the case that
the sending LPAR is short on buffers.

The Hypervisor increments the “ Hypervisor Receive Failures’ counter in the case that another
LPAR couldn’'t send data to us because we had no buffer available.

It'simportant to understand that the Hypervisor always increments the failure counters on both
LPAR if the data couldn’t be received due to a buffer shortage on the target LPAR.

For example: LPAR “A” wantsto send a packet to LPAR “B” but LPAR “B” has no buffer
available to receive the packet.

The packet will be dropped and the Hypervisor increments the “Hypervisor Send Failure” and
“Receiver Fallures’ on LPAR “A”

Hypervi sor Send Failures: 1
Receiver Failures: 1
Send Errors: O

Hypervi sor Receive Failures: 0O

The Hypervisor increments the “Hypervisor Receive Failure on LPAR “B”:

Hypervi sor Send Failures: O
Receiver Failures: O
Send Errors: O

Hypervi sor Receive Failures: 1
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A buffer shortage can have multiple reasons. One reason would be that the LPAR does not get
sufficient CPU resources because the system is heavily utilized or the LPAR significantly over
commits its entitlement. Another possibility would be that the number of virtual Ethernet buffers
currently allocated might be too small for the amount of network traffic through the virtual
Ethernet. The following example output from the “entstat —d entX” command demonstrates the
current and historical allocation of virtual Ethernet buffers as well as the amount of memory
allocated for these buffers:

Recei ve I nformation
Recei ve Buffers

Buf fer Type Ti ny Smal | Medi um Lar ge Huge
Mn Buffers 512 512 128 24 24
Max Buffers 2048 2048 256 64 64
Al | ocat ed 512 512 128 24 24
Regi st ered 512 512 128 24 24
H story
Max Al | ocat ed 512 699 128 24 24
Lowest Regi stered 510 502 128 24 24
Virtual Menory
M ni mum ( KB) 256 1024 2048 768 1536
Maxi mum ( KB) 1024 4096 4096 2048 4096
I/ O Menory
VRM M ni mum ( KB) 4096 4096 2560 864 1632
VRM Desired (KB) 16384 16384 5120 2304 4352
DVA Max M n (KB) 16384 16384 8192 4096 8192

In the above example, the “Max Allocated” for the “small” buffersis higher than its minimum
value. This means that the demand on small buffer exceeded the minimum value and a dynamic
buffer alocation took place. This alone does not indicate any problem. However, in the case that
the Hypervisor reported receive failure the dynamic buffer allocation might not have been able to
keep up with the demand. Increasing the minimum amount of the small buffer to a higher value
than the maximum allocated would help to overcome thisissue. In this example we would
doubl e the minimum number of small buffers from 512 to 1024.

To increase the minimum buffers with chdev, run

chdev -l entX -amin_buf small=<number of buffers> -P
Example:

chdev -| entO -amin_buf _small=1024 -P

For systems with a heavy network load it is recommended setting the minimum buffers to the
same value as the maximum buffers. Thiswill prevent any dynamic buffer alocation and the
LPAR will always have al buffers available.

Note: It isrecommended to first check the CPU usage of the LPAR before making any virtual
Ethernet buffer tuning.
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9.11.3 Data Cache Block Flush

The Data Cache Block Fush feature is an attribute of the virtual Ethernet adapter. Enabling this
feature allows the virtual Ethernet device driver to flush the data from the processors data cache
after the data has been received. This can improve the virtual Ethernet performance in the case of
aheavy network load with large packets transmitted over virtual Ethernet.

To enable the Data Cache Hush feature, run
chdev -1 entX -a dcbflush_Il ocal =yes

Enabling the Data Cache Block Flush feature will increase CPU utilization since additiona CPU
cycles are needed to flush the data cache blocks. For most environments it provides the best
benefit when enabled on the VIO clients.

9.11.4 Shared Ethernet Adapter

The Shared Ethernet Adapter serves as a bridge between physical and virtual Ethernet network.
All tuning feature discussed in the previous sections do apply to its virtual Ethernet adapter.
However, it isimportant to ensure that al clients LPARs on the virtual Ethernet support a feature
like the largesend before making any tuning changes.

Asaguideline, enabling largesend and large_receive on the Shared Ethernet Adapter should only
be done if the Shared Ethernet Adapter serves AlX partitions only and none of the partitionsis
doing IP forwarding.

To enable largesend and large_receive on the VIOS Shared Ethernet Adapter, do one of the
following:

During SEA creation, add the -attr at the end of the mkvdev command (skip /usr/ios/cli/ioscli if
login padmin shell):

fusr/ios/cli/ioscli nkvdev -sea entX -vadapter entY -default
entY -defaultid Z -attr large_receive=yes | argesend=1

To change the SEA attributes
fusr/ios/cli/ioscli chdev -dev entX -attr |arge_receive=yes
| argesend=1

To display the SEA attributes
fusr/ios/cli/ioscli |sdev -dev entX -attr

Note: large_send and large_receive on the underlining physical adapter should be enabled by
default. If they are not, enable them before setting up the SEA adapter.
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9.12 Storage Virtualization Best Practice

9.12.1 VIOS Sizing and Uncapped Shared Weight

VIOS partitions are commonly deployed in pairs. The best CPU sizing methodology isto ensure
that the guaranteed entitlement for the VIOS is sufficient for the average load, and that enough
vCPUs are allocated to sustain its own peak load, and that of the corresponding VIOS pair. Itis
also vital to increase the uncapped shared weight capacity to be greater than all vSCSI client
partitions to ensure that the V1OS has priority over the extra uncapped cyclesit may require
when I/O requests are re-routed to one VIOS during afailover event.

9.12.2 vSCSI client queue depth

The default queue depth for avirtual driveisonly 3. Thisvalue was a safe setting at the time of
implementation, but too restrictive for today’ s disk I/O devices, which are capable of much more
I/O parallelism. For optimal performance, the virtual queue depth should match the capabilities
of the hardware, meaning that it should be equal to the physical storage device' s queue depth.

9.12.3 vSCSI virtual adapter count

Once the virtual drive queue depths are set, it isimportant to verify that enough virtual adapters
are available to the vSCSI client to support the virtual drives and al of their outstanding I/Os.
Each virtual adapter has 512 command elements; however, 2 are reserved for the adapter, and 3
for each virtual disk. So, the following formula can be used to determine the number of virtual
drives that can be attached behind a vSCSI adapter.

virtua_drives=(512-2)/ (virtua_q_depth + 3)

In this example, if the virtual drives have a queue depth of 16, then 26 virtual drives can be
supported by asingle vSCSI adapter. (((512-2) / (16+3) ) = 26.8)

9.13 Performance Advisor Tools

IBM STG Cross Platform Systems Performance team devel oped several performance advisor
tools that can help to identify performance bottlenecks. These tools run with an AIX partition
where they analyze the performance characteristics and provide a health check report.

The performance advisor tools are available at the following URLSs:

PowerVM Virtualization Performance L PAR Advisor

https://www.ibm.com/devel operworks/wiki s/di splay/Wiki Ptype/PowerV M +Virtuali zation+perfo
rmance+ par+advisor

VIOS Advisor
http://www.ibm.com/devel operworks/wikis/di splay/WikiPtype/V 10OS+Advisor
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Java Perfor mance Advisor
https://www.i bm.com/devel operworks/wiki s/di splay/Wiki Ptype/JavatPerf ormance+Advisor
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10 Java

10.1 Introduction
This section describes the Java performance best practices for running Javaon AlX.

10.2 32-bhit ver sus 64-bit Java

Some processor architectures provide better performance with a 64-bit VM (Java Virtural
Machine) verses a 32-bit VM due to aincreased number of processor registers available in 64-
bit mode. This requires running Java applicationsin a64-bit VM to achieve the best
performance even though the application itself might not have any requirements to run in 64-bit
mode.

The Power architecture does not require running Java applications in a 64-bit VM to achieve the
best performance since its 32-bit mode is not limited by a small number of processor registers.

For best performance, use a 32-bit VM unless the memory requirement of the application
requires a 64-bit environment.
10.3 M edium page size usage (64K pages)

Java applications can gain performance by using 64K page size for the Java native heap which
can be enabled by setting the following loader control environment variable:

LDR_CNTRL=DATAPSI ZE=64K@ EXTPS| ZE=64K@5TACKPSI ZE=64K

In addition to the Java native heap the 64K page size for Java heap can provide additional
performance improvements. This feature can be enabled by adding the following flag to the Java
command options:

- Xl p64k

Note: Starting with IBM Java 6.0 SR7 64K page sizeis the default.

10.4 Application Scaling

Each SMT thread is represented as alogical CPU by the operating system. Thus, a partition
running in SMT4 mode will have twice the number of logical CPUs as a partition that has the
same number of cores but is running in SMT2 mode.

Applications that do not scale with the number of CPUs might not show the expected
performance when running in SMT4 mode than in SMT2 mode. A way to mitigate this problem
isto switch from SMT4 mode to SMT2 mode. This can be done with thesnt ct | command by
running:

sntctl -t 2 -w boot

AlX on Power - Performance FAQ Page 80



IBM STG Cross Platform Systems Performance

10.5 Enhanced Tuning with Resour ce Sets and Memory Affinity

An dternative way to address application scaling issues is the use of resource sets (rsets) which
allows running an application on alimited number of CPUs. An easy way to creste a resource set
and start the application attached to it in one step is through the execr set command. The
following example crestes a resource set with CPU 0 to 3 and starts the application attached to it:

execrset -c 0-3 -e <application>

Enabling memory affinity can improve the application performance even more since the
application is limited to run on a defined number of CPUs and memory can be alocated that is
close to them. To enable memory affinity the MEMORY _AFFINITY environment variable
needs to be set to MCM in the applications environment:

MEMORY_AFFI NI TY=MCM

Running multiple application instances and balancing the workload across them is a common
way to overcome scaling issues. The following example demonstrates how to start multiple
instances of an application with each application instance limited to run on an individual
processor of asystem running in SMT4 mode.

execrset -c 0-3 -e <application instance 1>
execrset -c 4-7 -e <application instance 2>
execrset -c 8-11 -e <application instance 3>
execrset -c 12-15 -e <application instance 4>

Application instance 1 will run on the four SMT threads, represented by logical CPU 0 to 3, of

processor 0; application instance 2 will run on the four SMT threads of processor 1, and so on.

Running the smtctl command without any flag will show which logical CPUs belongs to which
processor.

Note: A user must have root authority or have CAP_NUMA_ATTACH capability to use rsets.
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11 IBM AlX Dynamic System Optimizer

11.1 Introduction

This section describes IBM AlX Dynamic System Optimizer (DSO), anew feature that
optimizes system performance in an autonomous fashion.

11.2 Overview

DSO is built on the Active System Optimizer (ASO) framework introduced in AIX 7.1 TL1 SP1.
The ASO framework includes a user-space daemon namely “aso”, advanced instrumentation
methods based on kernel data and the hardware Performance Monitoring Unit (PMU) and two
optimizations for cache and memory affinity. ASO provides autonomous tuning by grouping
workload threads to a set of cores close together and improving placement of frequently accessed

DSO extends ASO to provide two additional optimizations: large page and memory prefetch.
DSO identifies heavily used regions of memory, automatically upgrading pages that are
benefited from page size promotion i.e. migrating 4K and 64K to 16MB page sizes. It also
monitors memory access patterns and performs dynamic hardware DSCR (Dynamic Stream
Control Register) tuning. DSO includes both process level DSCR and system wide dynamic
DSCR support.

11.3 How to enable ASO/DSO

11.3.1 Prerequisites

* POWER7 or POWERT7+

e AIXV6.1TL8 SP1 (both ASO/DSO functionality) OR
e AIXV7.1TL1SP1(ASO only) OR

e AIXV7.1TL2 SP1 (both ASO/DSO)

11.3.2 Ingtall and enable DSO

DSO isaseparately priced offering. Customer must order DSO package, install and activate it.
Once DSO islicensed, one would need to install the dso.aso fileset via AIX smitty or “installp”
command. Use one of the following methods to turn enable ASO/DSO.

* "asno—po aso_active=1" for system wide setting AND
* enableat processlevel viaenvironment variables: ASO_ENABLED or ASO_OPTIONS
ASO_ENABLED=<ALWAY S/NEVER>

ASO_OPTIONS=<ALL=ON/OFF | CACHE_AFFINITY=ON/OFF |
MEMORY _AFFINITY=ON/OFF | LARGE_PAGE=ON/OFF |
MEMORY_PREFETCH=ON/OFF>
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Example:
$ export ASO_OPTIONS=" ALL=OFF, CACHE_AFFINITY=0ON"

In this example, only cache optimization is turned on, all other optimizations, memory affinity,
large page, memory prefetch are off.

11.4 Perfor mance Expectation

The goal of DSO isto achieve optimal system performance autonomously. Once enabled, DSO
routinely analyzes workload in real time and automatically adjusts settings to make efficient use
of system resources. DSO performance benefit varies dependent on the workload characteristic
and configuration. Below is some quick guidelines.

e Dedicated vs. SPLPAR

DSO produces performance improvement for both dedicated and Shared Processor LPAR
(SPLPAR) environment.

e DSO Overhead

DSO overhead is expected to be within 3% or |ess of processor resource. On shared processor
partition systems, thiswill correspond to 3% of the defined CPU capacity. Laboratory results
have showed that DSO incurs very minimal performance overhead for avariety of workloads.

e Cache and memory affinity optimization

Multi-threaded workloads are benefited from cache and memory affinity. Java, WebSphere, and
DB2 workloads have showed double digit performance gain in laboratory environment.

* Large page and memory prefetch optimization

Long running, large DB workloads are excellent candidate for large page and memory prefetch
optimization. To take advantage of these two optimizations, the CPU utilization for the workload
must be at least 2 cores for large pages and 8 cores for memory prefetch optimization. The
memory requirement for the workload must be at least 16GB of System V shared memory for
both optimizations.

11.5 Reference
For further reading on DSO, refer to the following document.

* POWER7 AND POWER7+ Optimization and Tuning Guide
http://www.redbooks.ibm.com/redpi eces/abstracts/sg248079.html ?Open& pdfbookmark

* IBM AIX Dynamic System Optimizer
http://pic.dhe.ibm.com/infocenter/ai x/v7rl/topi c/com.ibm.ai x.optimize/optimize pdf.pdf

AlX on Power - Performance FAQ Page 83



IBM STG Cross Platform Systems Performance

12 Reporting a Performance Problem

12.1 Introduction

The focus on this chapter is on what information and data should be provided when reporting a
performance problem to post-sales support. However, the information provided in this chapter
also applies when reporting performance problems to pre-sales organizations.

12.2 Define the Perfor mance Problem

Thefirst question support will ask when a performance problem isreported is“What isslow?” A
good understanding about what exactly is slow hel ps the performance analyst concentrate the
analysis on the component(s) that is most likely causing the performance problem.

Let’s take the example of an application server that is running slower than usual when accessed
through a site network, while it is performing well when accessed locally or through a private
network. Without the information that the problem only exists on the site network, the
performance analyst most likely would not start the analysis with looking into the network
components that connects the application server to the site network.

Asageneral rule, the better the description of the performance problem the more likely isa
quick identification of the root cause and potential resolution.

A good starting point to describe a performance problem is to answer the questionsin the
PROBLEM.INFO file that is shipped with the performance data collection tool PERFPMR.

12.3 Performance Data Collection usng PERFPMR

The most commonly used tool to collect system performance dataon AlX isthe performance
data collection tool PERFPMR. PERFPMR is a package of tools that collect performance data
along with software and hardware configuration information that is required for performance
analysis.

The goal of PERFPMR isto collect a good base of information that can be used by performance
analysts to get started with performance analysis and problem resolution. The process of
collecting performance data may be repeated multiple timesif

» theinitial datadid not capture the problem
» additional datais required after tuning changes have been applied
» thedatacollection itself needsto be adjusted to capture sufficient data

The PERFPMR data collection consists of three steps:

1. Kernel trace data collection

PERFPMR collectstwo kernel traces. Thefirst kernel traceisa“full” trace which has most of
the trace hooks enabled. The second trace runs with lock instrumentation enabled and collects
lock events.
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2. Monitoring

System monitoring data, such as the outputs of sar, vmstat, iostat, are collected for the time
duration specified for the data collection. In addition, statistic data for network, VMM, etc are
collected before and after the monitor data collection.

3. Configuration data collection
Detailed hardware and software configuration is collected when the performance data collection
has finished.

For most cases, the kernel trace data collection is the most important part of the entire data
collection process since the kernel traces provide the most detailed information about the kernel
activity. Thereforeit’s important that the performance problem occurs at the time the PERPMR
data collection is started.

PERFPMR is available for each supported version of AlX. It can be downloaded from URL :
ftp://ftp.software.ibm.com/a x/tool §/perftool s/perfpmr/

Each PERFPMR package contains a README file which describes the installation of
PERFPMR, how to collect performance data and where to upload the collected data.

12.4 PERFPMR vs. test case

Some performance problems can be recreated by running a command or a simple program that
performs a specific operation that is slow. A performance analyst can use such atest caseto
recreate the performance problem on atest system and perform root cause anaysis without
impacting a client’s production environment.

When providing asimplified test case to demonstrate a performance problem it isimportant that
it represents the real problem. A slow running command or simplified test case may or may not
have the same root cause as a slow running system or application.

Providing a simplified test case and PERFPMR data taken while the system or application was
running slow will allow the performance analyst to assure that the right root cause gets
addressed.

12.5 Questionsthat help IBM diagnose the problem

Thefollowingisalist of questionsthat help to define a performance problem. The same list of
questions is shipped with PERFPMR as PROBLEM.INFO file. It is recommended to answer the
question in the PROBLEM.INFO file when reporting a performance problem.

* Can you append more detail on the simplest, repeatable example of the problem?

* Can the problem be demonstrated with the execution of a specific command or sequence
of events?

* 'Is/dowl/fs takes 60 seconds or
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* Binary mode 'ftp' put from one specific client only runs at 20 Kbytes/second.
* egtc.
* If not, describe the least complex example of the problem.
* Isthe execution of AIX commands aso slow?

* Isthis problem a case of something that had worked previously (ie. before a upgrade) and
now does not run properly?
If so:

» Describe any other recent changes?
I.e. workload, number of users, networks, configuration, etc.

* Oristhisacase of an application/system/hardware that is being set up for the first time?
If so:

e What performance is expected?
* What isthe expectation based on?
* Isthe slow performance intermittent?
* Isthere any pattern to the slow behavior?
* Doesit get dow, but then disappear for awhile?
* Doesit get dow at certain times of day or relation to some specific activity?
e About how long isthe period of slow performance before it returns to normal?

* Isit dow when the system is otherwise idle?
(i.e. capacity vs. elapsed time)

* What isthe CPU utilization when the system is idle after a period of sow performance
(use'vmstat 1')?
(perhaps something is looping)

* Areall applications/commands/users slow or just some?
*  What aspectisdow?

i.e

e Timeto echo acharacter

» Elapsed time to complete the transaction

* Doesrebooting the system make the problem disappear for awhile?
(i.e. aresource may be consumed but not freed back up)

* If so, about how long until the problem reappears?

* If client/server, can the problem be demonstrated when run locally on the server (network vs.
server issue)?

* Doesthe problem disappear when the application is run from the system console?

* If client/server, from the client how long does a 'ping server_ip_address take?
(usethe server_ip_address to exclude nameserver and other variables. i.e. 'ping
129.35.33.22)

* If network related, please describe the network segments including bandwidth
(i.e. 10mbit/sec, 9600 baud...) and routers between the client and server.

AlX on Power - Performance FAQ Page 86



IBM STG Cross Platform Systems Performance

* What vendor applications are on the system and are they involved in the performance issue?
*  What isthe version/release/level of the vendor applications?
* Havethey been updated recently?

AlX on Power - Performance FAQ Page 87



IBM STG Cross Platform Systems Performance

AIX on Power - Performance FAQ

The Power Architecture and Power.org wordmarks
and the Power and Power.org logos and related marks
are trademarks and service marks licensed by
Power.org.

UNIX is a registered trademark of The Open Group in
the United States, other countries or both.

Java and all Java-based trademarks and logos are
trademarks of Sun Microsystems, Inc. In the United
States and/or other countries.

TPC-C and TPC-H are trademarks of the Transaction
Performance Processing Council (TPPC).

SPECint, SPECfp, SPECjbb, SPECweb,
SPECjAppServer, SPEC OMP, SPECviewperf,
SPECapc, SPEChpc, SPECjvm, SPECmail,
SPECimap and SPECsfs are trademarks of the
Standard Performance Evaluation Corporation
(SPEC).

InfiniBand, InfiniBand Trade Association and the
InfiniBand design marks are trademarks and/or
service marks of the InfiniBand Trade Association.
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This document was developed for products and/or
services offered in the United States. IBM may not
offer the products, features, or services discussed in
this document in other countries.

The information may be subject to change without
notice. Consult your local IBM business contact for
information on the products, features and services
available in your area.

All statements regarding IBM future directions and
intent are subject to change or withdrawal without
notice and represent goals and objectives only.

IBM, the IBM logo, ibm.com, AIX, Power Systems,
POWERS5, POWER5+, POWER6, POWERG6+,
POWERY7, TurboCore and Active Memory are
trademarks or registered trademarks of International
Business Machines Corporation in the United States,
other countries, or both. If these and other IBM
trademarked terms are marked on their first
occurrence in this information with a trademark symbol
(® or ™), these symbols indicate U.S. registered or
common law trademarks owned by IBM at the time
this information was published. Such trademarks may
also be registered or common law trademarks in other
countries. A current list of IBM trademarks is available
on the Web at "Copyright and trademark information”
at www.ibm.com/legal/copytrade.shtml

Other company, product, and service names may be
trademarks or service marks of others.

IBM hardware products are manufactured from new
parts, or new and used parts. In some cases, the
hardware product may not be new and may have been
previously installed. Regardless, our warranty terms
apply.

Photographs show engineering and design models.
Changes may be incorporated in production models.

Copying or downloading the images contained in this
document is expressly prohibited without the written
consent of IBM.

This equipment is subject to FCC rules. It will comply
with the appropriate FCC rules before final delivery to
the buyer.

Information concerning non-IBM products was
obtained from the suppliers of these products or other
public sources. Questions on the capabilities of the
non-1BM products should be addressed with those
suppliers.

All performance information was determined in a
controlled environment. Actual results may vary.
Performance information is provided “AS 1S” and no
warranties or guarantees are expressed or implied by
IBM. Buyers should consult other sources of
information, including system benchmarks, to evaluate
the performance of a system they are considering
buying.

When referring to storage capacity, 1 TB equals total
GB divided by 1000; accessible capacity may be less.

The IBM home page on the Internet can be found at:
http://www.ibm.com.

The IBM Power Systems home page on the Internet
can be found at: http://www.ibm.com/systems/power/
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